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DEFENSE  SCIENCE 
BOARD 


OFFICE  OF  THE  SECRETARY  OF  DEFENCE 

3140  DEFENSE  PENTAQPN 
WASHINGTON,  DC  20301-3140 


MEMORANDUM  FOR  UNDER  SECRETARY  OF  DEFENSE  (ACQUISITION, 

TECHNOLOGY  &  LOGISTICS) 

SUBJECT:  Defense  Science  Board  Report  on  the  Adequacy  of  the  DoD  Science  &  Technology 
(S&T)  Program 

Attached  is  a  letter  report  responding  to  the  request  of  Section  212  of  the  FY2000 
Defense  Appropriation  Report  that  the  Defense  Science  Board  provide  an  assessment  regarding 
the  proper  level  of  funding  for  the  FY2001  DoD  Science  and  Technology  (S&T)  Program. 

The  response  is  in  the  form  of  a  summary  of  the  1998  Report  of  the  DSB  Task  Force  on 
the  DoD  S&T  Program.  A  copy  of  the  report  is  also  attached. 

The  Summary  concludes,  based  on  current  practices  of  high  technology  industries,  that 
the  DoD  S&T  Progam  should  be  funded  at  a  level  of  approximately  $8.7  billion  rather  than  the 
$7.5  billion  proposed  by  the  Department. 

Craig  I.  Fields 
Chairman 
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DEFENSE  SCIENCE 
BOARD 


OFFICE  OF  THE  SECRETARY  OF  DEFENSE 
3140  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-3140 


1  June  2000 


MEMORANDUM  FOR  CHAIRMAN,  DEFENSE  SCIENCE  BOARD 

SUBJECT :  Defense  Science  Board  Report  on  the  Adequacy  of  the  DoD 
Science  and  Technology  Program 


In  response  to  the  Terms  of  Reference  from  Dr.  Gansler  dated  18  May  2000 
which  requests  the  views  of  the  DSB  concerning  the  appropriate  funding  level  for 
the  DoD  Science  and  Technology  Program,  I  am  submitting  the  attached 
Summary  which  is  based  on  the  Report  of  the  1998  DSB  Task  Force  on  Defense 
Science  and  Technology  Base  for  the  2f‘  Century. 


The  Summary  concludes,  based  on  the  practices  of  high  technology  industries, 
that  the  DoD  S&T  Program  should  be  funded  at  a  level  of  about  $8.7  billion 
rather  than  the  $7.5  billion  proposed  by  the  Department. 


Yours  truly, 


C  (  L 


Walter  E.  Morrow,  Jr. 

Task  Force  on  Adequacy  of  the 
DoD  Science  &  Technology  Program 


DEFENSE  SCIENCE 
BOARD 


OFFICE  OF  THE  SECRETARY  OF  DEFENSE 

3140  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-3140 


Summary  of  the 

Defense  Science  Board  Recommendations 
on  DoD  Science  and  Technology  Funding 

1  June  2000 

Walter  E.  Morrow,  Jr. 

Director  Emeritus,  MIT  Lincoln  Laboratory 


This  Summary  is  in  response  to  the  Congressional  Language  in  Section  212  of 
the  FY2000  Defense  Appropriation  Report.  That  Section  requests  the  views  of  the 
Defense  Science  Board  on  the  adequacy  of  the  Department’s  FY2001  Science  and 
Technology  Program  budget  requests.  Since  a  Defense  Science  Board  Task  Force 
studied  the  Department’s  Science  and  Technology  Program  in  1998  under  the 
Chairmanship  of  Walter  Morrow,  it  was  decided  by  the  OSD  and  DSB  leadership  that  a 
summary  should  be  prepared  based  on  the  report  of  the  1 998  Study  of  the  Department’s 
Science  and  Technology  Program.  (A  copy  of  which  is  attached.)  The  Terms  of 
Reference  for  this  Summary  are  also  attached. 

In  this  Summary,  comments  will  be  presented  on  three  topics: 

The  Task  Force’s  views  on  the  proper  level  of  DoD  Science 
and  Technology  Program  funding  which  it  believes  should  be 
the  order  of  $8.7  billion. 

The  importance  of  an  adequate  S&T  Program  to  future  U.S. 
military  capabilities 

Suggestions  on  ways  of  increasing  the  output  of  the 
Department’s  S&T  Program  aside  from  increases  in  funding. 

I.  Adequacy  of  the  S&T  Program  Funding 

Table  I  shows,  in  then  year  dollars,  the  DoD  S&T  budget  requests  along  with  the 
final  S&T  Congressional  Appropriations  for  the  current  and  past  few  years.  Also  shown 
are  the  total  DoD  appropriations  and  the  S&T  funding  as  a  percentage  of  the  total  DoD 
funding. 

In  examining  trends  of  the  S&T  Program  funding  shown  in  Table  I,  it  is  evident 
that  the  budget  requests  of  FY97  to  FY01  have  not  been  keeping  up  with  inflation  much 
less  increasing  at  2%  over  inflation.  Furthermore,  the  S&T  budget  request,  as  a 
percentage  of  total  budget  request,  has  dropped  from  about  3%  to  a  little  below  2.6%. 

Until  FYOO,  less  than  inflation  increases  in  the  S&T  Appropriations  are  observed. 
In  that  fiscal  year,  the  DoD  S&T  Program  Appropriation  increases  significantly  as  a  result 
of  Congressional  actions. 
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Table  I 


DoD  Science  and  Technology  Funding 


FY97 

FY98 

FY99 

FYOO 

FY01 

Budget  Submitted 

7,220,569 

7,391 ,930 

7,181,271 

7,386.251 

7,543,232 

Increase  Over 
Prior  Year 

-0.67% 

2.36% 

-2.84% 

2.85% 

2.12% 

%  of  Total 

Budget  Request 

2.96% 

2.93% 

2.78% 

2.73% 

2.58% 

Appropriation 

7,470,086 

7,675,864 

7,574,104 

8,397,178 

? 

Increase  Over 
Prior  Year 

-0.67% 

2.74% 

-1.32% 

+10.87% 

? 

%  of  TOA 

2.89% 

2.97% 

2.72% 

3.00% 

? 

The  next  issue  is  whether  the  current  levels  of  the  DoD  S&T  Program  funding  are 
adequate.  In  response  to  this  issue,  the  1998  DSB  Task  Force  obtained  data  on 
research  funding  for  leading  U.S.  high  technology  industries.  This  data  indicates  that 
such  industries  typically  spend  somewhat  over  3%  (3.4%  to  be  precise)  of  total  revenue 
on  research.  The  total  for  research  and  product  development  averages  over  15%  of 
revenue  for  these  industries.  (See  pages  1 8  and  1 9  of  the  Task  Force  Report.) 

Based  on  this  observation,  it  would  appear  that  jf  the  Department  of  Defense 
wants  to  continue  to  have  a  high  technology  military  capability  in  the  future,  the  DoD 
should  be  requesting  higher  levels  of  funding  for  the  S&T  Program. 

In  particular,  to  match  the  industry  practice  of  3.4%,  the  S&T  budget  requests  for 
FY2000  should  have  been  on  the  order  of  $9.0  billion  and  for  FY2001  should  have  been 
nearly  $10  billion. 

Even  under  more  conservative  guidance  of  3%  of  total  funding.  $8.1  billion 
should  have  been  requested  in  FY2000  and  $8.7  billion  in  FY2001.  Fortunately,  the 
Congress  appropriated  $8.5  billion  for  the  S&T  Program  in  FY2000.  It  has  yet  to  act  on 
FY2001  S&T  funding. 

II.  Importance  of  the  DoD  Science  and  Technology  Program 

Over  the  past  century,  dramatic  increases  in  military  capabilities  have  occurred 
as  the  result  of  science  and  technology  investments  made  in  this  and  foreign  countries. 
Page  9  of  the  S&T  Task  Force  Report  indicates  some  of  the  more  notable  military 
technology  innovations  over  the  past  century.  On  page  10,  Figure  2  shows  the  impact  of 
these  advances  on  selected  military  capabilities  over  that  same  period  of  time.  The 
chart  is  reproduced  here  as  Table  II. 
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Table  II 

Impact  of  Technology  on  Selected 
Military  Capabilities  in  the  20th  Century 


.  .  .  .  ... 

Approximate  Capabilities 

1900 

tf 

1925 

1950 

1975 

2000 

Aircraft  Range 

- 

200 

2,000 

4,000 

8,000 

Miles 

Aircraft  Speed 

- 

150 

500 

2,000 

2,000 

Miles/hr 

Aircraft  Payload 

- 

500 

20,000 

80,000 

100,000 

Pounds 

Ballistic  Missile  Range 

1 

10 

200 

6,000 

12,000 

Miles  ■  ’ 

Radar  Range 

- 

2 

200 

20,000 

100,000 

Miles 

Radar  Resolutiotii  , 

1  T 

;  1,000 

0.1 

Feet 

Navigation  Precision 

10 

20 

0.1 

‘  0.01 

0.001 

Miles 

Radio  Communication  Range 

- 

500 

3,000 

10,000 

10,000 

Miles 

Radio  Communication  Capacity 

10 

10,000 

107 

109 

Bits/sec 

Weapon  Precision 

100 

100 

100 

10 

1 

Feet 

These  is  no  reason  to  expect  that  similar  technology  advances  will  not  be  made 
in  the  21®'  century  with  corresponding  advances  in  military  capabilities.  If  the  DoD  does 
not  pursue  a  strong  forward  looking  S&T  Program,  it  runs  the  danger  of  ultimately  falling 
behind  potential  challengers  employing  novel  unsymmetrical  military  capabilities. 

In  pursing  advanced  capabilities,  the  DoD  should  not  depend  on  civil  sector 
research  for  all  its  needs.  Much  of  current  industrial  research  has  a  very  short  time 
horizon  and,  in  addition,  tends  to  be  focused  on  incremental  improvements  of  current 
civilian  products.  It  is  not  focused  on  major  new  military  capabilities  such  as  stealth  or 
precision  weapons. 

III.  Improving  the  Output  from  the  DoD  Science  and  Technology  Program 

In  the  first  section  of  this  Summary,  the  issue  of  DoD  S&T  funding  levels  was 
discussed.  Equally,  or  perhaps  more  important,  is  the  matter  of  the  effectiveness  of 
.such  expenditures.  The  1 998  DSB  S&T  Task  Force  Report  also  addresses  this  issue. 
In  particular,  it  found: 

•  Concerning  Professional  Laboratory  Personnel 

The  current  Civil  Service  Personnel  System  has  a  very  negative  impact  on  the 
capabilities  and  morale  of  the  DoD  and  Service  Laboratory  and  Center  technical 
personnel.  These  personnel  are  responsible  for  carrying  out  a  significant  portion  of  the 
DoD  S&T  Program  and  also  for  supervising  the  remainder  of  the  program  which  is 
carried  out  by  universities  and  industry. 

In  spite  of  recent  modest  changes  in  the  government  personnel  system,  it  continues 
to  fail  to  provide  salary  levels  sufficient  to  compete  with  those  of  the  civil  sector  (by 
$10,000  or  more  per  year),  the  result  is  that  DoD  laboratory  directors  are  unable  to 
obtain  or  retain  the  services  of  not  only  the  "best  and  the  brightest"  scientists  and 
engineers  but  even  those  of  average  capability. 
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An  additional  serious  problem  with  the  Civil  Service  System  is  the  extreme 
difficulty  of  terminating  unsatisfactory  or  unproductive  professionais.  Over  the  years,  the 
resuit  is  an  accumuiation  in  the  laboratories  of  greater  and  greater  numbers  of 
unproductive  professionais. 

The  DSB  Task  Force  recommended,  as  a  soiution  to  these  personnel  problems,  the 
use  of  the  private  sector,  both  universities  and  industries,  to  provide  the  majority  of 
professional  personnel  for  the  DoD  and  Service  Laboratories  and  not  to  depend  any 
more  on  the  Civil  Service  System  for  such  personnel. 

•  Concerning  Program  Focus 

The  focus  of-^- the  current  DoD  S&T  Program  is  primarily  on  incremental 
improvements  in  current  capabilities.  -  -While;  such  incremental  improvements  are 
important,  the  current  program  does  not  place  sufficient  emphasis  on  innovative 
technology  initiatives  leading  to  entirely' new  military  capabilities.  Such  capabilities 
include  important  abilities  such  as  the  ability  to: 

Rapidly  deploy,  within  a  day,  very  capable  ground  and  tactical  air  forces  to 
counter  potential  or  actual  surprise  attacks  by  an  aggressor 

Detect  and  identify  aggressor  forces  concealed  under  foliage,  in  buildings, 
and  in  underground  facilities. 

-  Detect  and  characterize  weapons  of  mass  destruction  that  may  be  in  the 
process  of  being  deployed  against  the  U.S.  homeland. 

•  Concerning  Facilities 

The  current  DoD  and  Service  laboratory  and  center  research  facilities  are  located  in 
a  large  number  of  locations  many  of  which  are  physically  disconnected  from  Service 
weapon  development  and  procurement  organizations.  In  addition,  a  number  of  these 
facilities  are  very  old  and  badly  equipped.  The  practice  of  leading  high  technology 
industries  is  to  employ  integrated  modern  facilities  encompassing  their  research,  product 
development,  and  prototype  production  activities.  The  Task  Force  recommended  that 
the  DoD  and  the  Services  consolidate  and  modernize  their  research  and  development 
facilities. 

Summary 

Based  on  the  earlier  work  of  the  DSB  Task  Force  on  the  DoD  S&T  Program,  two 
main  points  are  evident: 

1.  DoD  budgeting  for  science  and  technology  is  deficient  bv  more 
than  $1  billion  dollars  based  on  current  practices  of  high 
technology  industry  and  the  current  level  of  the  DoD  overall 
funding. 

2.  Substantial  increases  in  the  productivity  of  the  S&T  Program  can 
be  made  by  significant  changes  in  the  provision  of  professional 
staff,  program  focus,  and  facilities. 
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THE  UNDER  SECRETARY  OF  DEFENSE 
3010  DEFENSE  PENTAGON 
WASHINGTON,  D.C.  20301-3010 


ACQUISITION  AND 
TECHNOLOGY 


MAY  1  8  2000 


MEMORANDUM  FOR  CHAIRMAN,  DEFENSE  SCIENCE  BOARD 

SUBJECT:  Terms  of  Reference  —  Defense  Science  Board  Report  on  the  Adequacy  of 
the  DoD  Science  &  Technology  Program 


In  accordance  with  Section  212  of  the  National  Defense  Authorization  Act  for 
Fiscal  Year  (FY)  2000  (PL  106-65),  you  are  requested  to  report  the  views  of  the  Defense 
Science  Board  (DSB)  concerning  DoD’s  proposed  FYOl-05  Science  &  Technology 
(S&T)  program.  This  report  should  assess  the  effect  of  the  Department’s  decision  to  not 
program  for  at  least  two  percent  above  the  rate  of  inflation  in  its  S&T  budget  for 
FYOl-05.  Specifically,  the  report  should  present  the  DSB’s  views  on: 

a.  The  FYOl  S&T  budget  submission  to  Congress,  including  the  Military 
Departments’  submissions. 

b.  The  effects  on  the  current  and  future  technology  base. 

c.  The  effects  on  the  warfighter  of  not  meeting  the  two  percent  goal. 

d.  Opportunities  for  increasing  output  from  the  S&T  program. 

Section  212  notes  Congress’  concern  that  the  Department  has  failed  to  comply 
with  the  funding  objective  for  the  Defense  S&T  program,  especially  the  Air  Force  S&T 
program,  thus  potentially  jeopardizing  the  stability  of  the  defense  technology  base  and 
increasing  the  risk  of  failure  to  maintain  technological  superiority  in  future  weapons 
systems.  Furthermore,  Congress  believes  the  Department  should  increase  the  S&T 
budget  by  at  least  two  percent  above  the  rate  of  inflation  over  the  next  eight  years. 
Section  212(c)(2)  further  requires  the  DSB  to  submit  to  the  Secretary  and  Congress  a 
report  assessing  the  effect  such  failure  is  likely  to  have  on  defense  technology  and  tiie 
national  defense. 

The  study  will  be  co-sponsored  by  the  USD(AT&L)  and  the  DDR&E.  Dr.  Walt 
Morrow  will  prepare  the  report  based  on  the  1998  DSB  study  entitled  “Defense  Science 
and  Technology  Base  for  the  2F‘  Century.”  A  report  will  be  submitted  to  the  Secretary 
of  Defense  and  Congress  not  later  than  60  days  following  the  Department  S&T  budget 
certification  lAW  Section  212.  Mr.  Stanley  Trice,  Office  of  the  Deputy  Under  Secretary 
of  Defense  for  Science  and  Technology,  will  serve  as  the  Executive  Secretary. 
Lieutenant  Colonel  Scott  McPheeters,  USA,  will  serve  as  the  Defense  Science  Board 
Secretariat  Representative. 

a 


The  Task  Force  will  operate  in  accordance  with  the  provisions  of  P.L.  92-463,  the 
“Federal  Advisory  Committee  Act,”  and  DoD  Directive  92-463,  the  “DoD  Federal 
Advisory  Committee  Management  Program.”  It  is  not  anticipated  that  this  report  will 
need  to  go  into  any  “particular  matters”  within  the  meaning  of  Section  208  of  Title  18, 
U.S.  Code,  nor  will  it  cause  any  member  to  be  placed  in  the  position  of  acting  as  a 
procurement  official. 


.  S.  Gansler 


SEC.  212.  SENSE  OF  CONGRESS  REGARDING  DEFENSE  SCIENCE  AND 

TECHNOLOGY  PROGRAM. 

(a)  Failure  To  Conqply  With  Funding  Objective. — It  is  the 

sense  of  Congress  that  the  Secretary  of  Defense  has  failed  to 
comply  with  the  funding  objective  for  the  Defense  Science  and 
Technology  Program,  especially  the  Air  Force  Science  and 
Technology  Program,  as  stated  in  section  214(a)  of  the  Strom 
Thurmond  National  Defense  Authorization  Act  for  Fiscal  Year  1999 
(Public  Law  105  261;  112  Stat.  1948),  thus  jeopardizing  the 
stability  of  the  defense  technology  base  and  increasing  the  risk 
of  failure  to  maintain  technological  superiority  in  future  weapon 
systems . 

(b)  Funding  Objective. — It  is  further  the  sense  of  Congress 
that,  for  each  of  the  fiscal  years  2001  through  2009,  it  should 
be  an  objective  of  the  Secretary  of  Defense  to  increase  the 
budget  for  the  Defense  Science  and  Technology  Program,  including 
the  science  and  technology  program  within  each  military 
department,  for  the  fiscal  year  over  the  budget  for  that  program 
for  the  preceding  fiscal  year  by  a  percent  that  is  at  least  two 
percent  above  the  rate  of  inflation  as  determined  by  the  Office 
of  Management  and  Budget. 

(c)  Certification. — If  the  proposed  budget  for  a  fiscal  year 
covered  by  subsection  (b)  fails  to  comply  with  the  objective  set 
forth  in  that  subsection— 

(1)  the  Secretary  of  Defense  shall  submit  to  Congress— 

(A)  the  certification  of  the  Secretairy  that  the 
budget  does  not  jeopardize  the  stability  of  the  defense 
technology  base  or  increase  the  risk  of  failure  to 
maintain  technological  superiority  in  future  weapon 
systems;  or 

(B)  a  statement  of  the  Secretary  explaining  why 
the  Secretary  is  unable  to  submit  such  certification; 
and 

(2)  the  Defense  Science  Board  shall,  not  more  than  60 
days  after  the  date  on  which  the  Secretary  svibmits  the 
certification  or  statement  under  paragraph  (1) ,  submit  to 
the  Secretary  and  Congress  a  report  assessing  the  effect 
such  failure  to  comply  is  likely  to  have  on  defense 
technology  and  the  national  defense. 
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MEMORANDUM  FOR  UNDER  SECRETARY  OF  DEFENSE  (ACQUISITION  & 

TECHNOLOGY) 

SUBJECT:  Final  Report  of  the  Defense  Science  Board  Task  Force  on 

the  Defense  Science  and  Technology  Base  for  the 
21st  Century 


DEFENSE  SCIENCE 
BOARD 


I  am  forwarding  the  final  report  of  the  Defense  Science 
Board  Task  Force  on  the  Defense  Science  and  Technology  (S&T)  Base 
for  the  21st  Century. 

This  report  examines  issues  involved  in  assuring  that  the 
United  States  has  an  adequate  technology  base  to  maintain 
military  superiority  into  the  21st  Century.  The  Terms  of 
Reference  directed  that  the  Task  Force  make  recommendations  on 
the  funding,  management,  and  execution  of  a  properly  focused  DoD 
technology  base  program  served  by  competent  scientists  and 
engineers . 

The  Task  Force  addressed  all  of  the  specific  issues  in  the 
Terms  of  Reference,  but  believes  the  two  most  salient 
recommendations  are: 

1 .  That  the  Deputy  Secretary  of  Defense  insure  the  future 
superiority  of  U.S.  military  forces  by  increasing  the 
funding  for  the  Department's  Science  and  Technology 
Program  to  $8  billion  per  year. 

2.  That  the  Deputy  Secretary  of  Defense  direct  the  Office  of 
the  Secretary  of  Defense  (OSD)  and  the  Services  to  staff 

a  majority  of  their  S&T  management  and  execution 
technical  positions  with  individuals  provided  from  the 
private  sector  under  the  Interagency  and  Personnel  Act 
and  a  reinstated  Public  Law  313  (1947) . 

I  endorse  all  of  the  Task  Force's  recommendations  and 
propose  you  review  the  Task  Force  Chairman's  letter  and  report. 


OFFICE  OF  THE  SECRETARY  OF  DEFENSE 

3140  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-3140 


DEFENSE  SCIENCE 
BOARD 


JON  3  0  1998 


MEMORANDUM  FOR  CHAIRMAN  DEFENSE  SCIENCE  BOARD 

SUBJECT:  Final  Report  of  the  Defense  Science  Board  Task  Force  on  the  Defense  Science  and 

Technology  Base  for  the  21®*  Century 

Attached  is  the  report  of  the  Defense  Science  Board  Task  Force  on  the  Defense  Science  and 
Technology  for  the  21®*  Century.  This  Study  was  requested  by  the  Director  of  Defense  Research  and 
Engineering  in  the  Spring  of  1997.  The  Terms  of  Reference  directed  that  the  Task  Force  make 
recommendations  on  these  issues: 

-  The  proper  funding  level  for  the  Science  and  Technology  program 

-  The  management  of  the  Science  and  Technology  Program 

-  The  execution  of  the  Science  and  Technology  Program 

-  How  DoD  can  be  assured  of  a  supply  of  competent  scientists  and  engineers 

-  The  technical  focus  of  the  Science  and  Technology  Program 

The  Task  Force  Report  makes  recommendations  of  all  of  these  issues.  The  Task  Force  believes  that 
the  most  important  of  these  recommendations  are: 

-  That  the  Deputy  Secretary  of  Defense  insure  the  future  superiority  of  U.S.  military  forces  by 
increasing  the  funding  for  the  Department's  Science  and  Technology  Program  to  $8  billion  per 
year. 

-  That  the  Deputy  Secretary  of  Defense  direct  the  O.S.D.  and  the  Services  to  staff  a  majority  of 
their  S&T  management  and  execution  technical  positions  with  individuals  provided  from  the 
private  sector  under  the  Interagency  Personnel  Act  and  a  reinstated  Public  Law  313  (1947). 


The  Task  Force  believes  that  the  implementation  of  these  two  important  recommendations  together  with 
the  others  contained  in  the  Report  are  necessary  to  insure  the  future  military  superiority  of  U.S.  military 
forces  in  the  21®*  Century. 

The  Task  Force  would  like  to  express  it's  appreciation  for  the  extensive  support  provided  by  the  O.S.D. 
staff,  particularly  Colonel  Alan  R.  Shaffer. 

I  would  also  like  to  thank  the  other  members  of  the  Task  Force  for  their  very  helpful  contributions  and 
advice. 


Yours  truly, 


Walter  E.  Morrow  Jr. 
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EXECUTIVE  SUMMARY 


The  Defense  Science  Board  Task  Force  on  the  Defense  Science  and  Technology  Base 
for  the  21  St  Century  was  formed  in  May  1997  to  address  issues  involved  in  assuring 
that  the  United  States  has  an  adequate  technology  base  to  maintain  military  superiority 

into  the  21  st  Century.  Specifically,  the  Task  Force  was  asked  to  addressed  five 
questions: 


•  How  much  DoD  science  and  technology  (6.1 ,  6.2,  and  6.3)  is  needed  to 
maintain  continued  U.S.  supremacy  considering  U.S.  and  global  civil 
technology? 

•  What  is  the  best  process  for  planning  and  managing  DoD’s  science  and 
technology  program  including  exploitation  of  other  sources? 

•  What  desirable  changes  should  be  made  in  the  execution/performance  of  the 
DoD  science  and  technology  program? 

•  How  can  a  continuing  supply  of  competent  engineers  and  scientists  for  DoD 
research  and  acquisition  be  assured? 

•  What  new  technical  challenges  should  be  addressed  in  the  science  and 
technology  program? 

The  Task  Force  reviewed  current  science  and  technology  management  and  execution 
practices  within  the  DoD,  other  government  agencies,  and  industry  to  draw  from  the 
best  of  each.  In  summary,  the  Task  Force  observations  are: 

•  Past  science  and  technology  developments  had  a  defining  impact  on  military 
capabilities  in  the  20”^  Century.  Current  technology  developments  are 
therefore  vital  to  future  U.S.  military  capability  and  the  maintenance  of  U.S. 
military  dominance. 

•  No  formula  was  discovered  for  establishing  the  optimum  level  of  DoD 
investment  in  science  and  technology,  but  the  most  successful  industries 
invest  about  15%  of  sales  in  research  and  development  with  about  3.5%  of 
sales  invested  in  research  (equivalent  to  the  DoD  S&T  program).  This  would 
imply  that,  currently,  DoD  should  invest  at  least  $8  billion  in  S&T. 

•  DoD  management  of  R&D  involves  a  very  complex  organizational  structure 
with  conflicting  lines  of  authority  between  Congress,  OSD,  and  the  Services. 
Successful  industries  on  the  other  hand  use  much  simpler  R&D  management 
organizations  with  clear  lines  of  authority. 

•  OSD’s  portion,  including  DARPA,  has  steadily  increased  to  50%  of  the  total 
S&T  program  because  of  Service  reductions  in  their  S&T  funding  and  shifts 
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of  functions  to  OSD  and  defense  agencies  such  as  BMDO.  Further 
reductions  in  the  Service  S&T  funding  could  seriously  effect  their  future 
capabilities  since  the  OSD  programs  do  not  address  the  full  range  of  Service 
needs. 

•  DARPA  enjoys  the  greatest  S&T  management  success  in  DoD  because  it  is 
project  oriented,  has  fewer  constraints  in  program  initiation,  and  because  of 
the  quality  of  its  technical  managers.  More  than  50%  of  the  managers  are 
engaged  for  limited  terms  from  outside  the  Civil-Service  system. 

•  The  DoD  and  Service  S&T  Program  is  executed  in  universities  (-10%), 
university-affiliated  research  centers  (-25%),  industry  (-45%),  and  Service 
laboratories  (-20%).  While  S&T  program  execution  in  universities  and 
industry  is  viewed  as  generally  satisfactory,  there  is  serious  concern  about 
the  execution  in  many  of  the  Service  laboratories. 

•  The  effectiveness  of  the  technical  staff  of  the  Service  laboratories  is 
significantly  impaired  compared  with  the  private  sector.  The  impact  of  Civil- 
Service  personnel  regulations  is  to  blame.  The  regulations  prevent  the 
laboratories  from  offering  new  employees  salaries  competitive  with  the 
private  sector,  rewarding  technical  staff  in  proportion  to  performance,  and 
removing  non-performing  staff. 

•  The  transfer  of  technology  among  the  Nation’s  performers  of  the  DoD  R&D 
program  is  believed  to  be  significantly  impaired  because  of  the  wide 
organizational  and  physical  dispersal  of  DoD  S&T  performers.  This  is  in 
sharp  contrast  to  the  practice  of  most  successful  industrial  organizations. 

•  An  insufficient  proportion  of  the  current  S&T  Program  is  focussed  on 
revolutionary  technology  offering  five-to  ten-fold  improvements  in  military 
capabilities.  While  the  DARPA  program  focuses  predominantly  on  such 
improvements,  the  programs  of  the  Services  tend  to  focus  more  on 
incremental  improvements. 


The  Task  Force  recommends  several  steps  to  provide  an  enhanced  science  and 
technology  program  to  support  continued  military  superiority  of  the  United  States. 
Specifically,  the  Task  Force  makes  five  major  recommendations: 

1 .  Deputy  Secretary  of  Defense  should  not  allow  a  decrease  in  the  science 
and  technology  program  (6.1,  6.2,  and  6.3)  and  should  increase  it  to  at 
least  $8  billion  to  insure  continued  technical  superiority  of  U.S.  military 
forces. 
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2.  Under  Secretary  of  Defense  (Acquisition  &  Technology)  and  the  Services 
should  strengthen  the  management  and  relevance  of  the  science  and 
technology  program  by  taking  the  following  specific  actions: 

•  Strengthen  DDR&E  by  expanding  his  responsibility  to  cover  6.1, 
6.2,  6.3,  6.4  and  6.5  programs. 

•  Integrate  science  and  technology  management  structure  in  each 
Service,  following  the  integrated  Office  of  Naval  Research  structure 
using  DARPA-like  organizations. 

•  Use  DARPA  for  revolutionary  projects  while  enhancing  the  coupling 
of  DARPA  technologies  to  the  Services. 

•  Encourage  Services  to  focus  one-third  of  the  Service  S&T 
programs  on  revolutionary  programs. 

•  Fill  key  science  and  technology  management  positions  with  limited- 
term  (4-6  year),  high-quality  scientific  personnel  from  the  private 
sector  (universities,  non-profits,  and  industry).  By  2002  DoD  should 
increase  to  the  current  3.3%  of  key  non-DARPA  S&T  positions 
filled  from  the  private  sector  50%  or  more. 

3.  The  Services  should  revitalize  execution  of  S&T  programs  by  staffing  up 
to  50%  of  their  scientific  and  engineering  laboratory  center  positions  over 
a  five-year  period  with  a  combination  of: 

•  Limited-term  (4-6  year)  scientific  and  engineering  personnel  (IPAs) 
provided  by  the  private  sector  (from  universities,  non-profits,  and 
industry). 

•  A  reinstatement  of  the  1947  Public  Law  313  for  high-level  S&T 
management  positions  (requires  Congressional  action). 

4.  DDR&E  with  the  Services’  support  should  take  the  lead  to  enhance  the 
productivity  of  the  Service  laboratories  and  centers  by  organizational  and 
physical  consolidation. 

5.  DDR&E  should  insure  that  approximately  one-third  of  the  science  and 
technology  program  elements  are  devoted  to  revolutionary  technology 
initiatives.  DARPA  should  play  a  major  role  in  executing  these  efforts 
along  with  the  Services.  DDR&E  should  also  insure  that  6.4  funds  are 
programmed  by  the  Sen/ices  to  implement  successful  revolutionary 
science  and  technology  programs. 
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The  Task  Force  believes  that  the  implementation  of  these  recommendations  will 
provide  the  Department  of  Defense  with  a  more  effective  and  responsive  Science  and 
Technology  Program  that  will  ensure  a  healthy  science  and  technology  base  vital  to  the 
future  of  U.S.  military  superiority. 
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I. 


INTRODUCTION 


The  Defense  Science  Board  was  tasked  in  April  of  1 997  by  Dr.  Anita  Jones,  who  was  at 
that  time  Director  of  Defense  Research  and  Engineering,  to  carry  out  a  study  of  the 
Department's  science  and  technology  program. 


The  membership  and  supporting  staff  of  the  Task  Force  consisted  pf  the 
following  individuals: 


Chair:  Professor  Walter  Morrow,  MIT  Lincoln  Laboratory 

Members:  Dr.  John  D.  Christie,  Logistic  Management  Institute 
Dr.  Robert  S.  Cooper,  Atlantic  Aerospace 
Dr.  Delores  M.  Etter,  U  of  Colorado 
Dr.  Randy  Isaac,  IBM 

Dr.  Bob  Laudise,  Bell  Laboratories/Lucent  Tech. 

Prof.  Paul  L.  Penfleld,  Jr.,  Massachusetts  Institute  of  Technology 
Mr.  Vincent  Vitto,  Draper  Lab 

Executive  Secretary:  Col  Alan  Shaffer,  USAF 

DSB  Secretariat:  LTC  T.  VanHom,  USA 

CDR  Dave  Norris,  USN 


Taskinc 


The  Task  Force  was  asked  to  study  the  following  topics: 

•  How  much  DoD  S&T  (6.1,  6.2,  and  6.3)  is  needed  to  maintain  continued 
U.S.  military  capabilities  considering  U.S.  and  global  civil  technology? 

•  What  is  the  best  process  for  planning  and  managing  DoD’s  S&T 
program  including  exploitation  of  other  sources? 

•  What  desirable  changes  should  be  made  in  the  execution/performance 
of  the  DoD  S&T  program? 


•  How  can  a  continuing  supply  of  competent  engineers  and  scientists  for 
DoD  research  and  acquisition  be  assured? 


•  What  new  technical  challenges  should  be  addressed  in  the  S&T 
program? 
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The  complete  tasking  statement  is  provided  as  Appendix  A  Note  that  the  scope 
of  the  study  was  expanded  by  the  acting  DDR&E,  George  Singley,  from 
consideration  of  only  the  Technology  Base  Program  to  that  of  the  entire  Science 
and  Technology  Program. 

C.  Briefings 

The  Task  Force  met  on  eight  occasions  to  hear  briefings  on  both  industrial  and 
governmental  experiences  in  the  management  and  execution  of  research  and 
development.  The  sources  of  this  experience  include: 

Industrial  R&D  Organizations: 

IBM,  Lucent,  3M,  Merck,  Rockwell,  Dupont,  Raytheon,  Bell 
Labs/Lucent  Technologies,  NEC  Research  Institute,  Lockheed 
Martin,  SAIC,  Boeing 

Industrial  Research  Institute 

OSD: 

DDR&E,  DARPA,  BMDO,  Industrial  College  of  the  Armed  Forces 
Sen/ice  Laboratories: 

Army  Research  Laboratory,  Naval  Research  Laboratory,  Air  Force 
Research  Laboratory 

U.S.  Government  R&E  Funding  Organizations: 

NSF,  DOE,  NASA,  DIA,  CIA,  NSB 

Foreign  Military  R&D: 

U.K.  Defense  Laboratories 

Representative  Sampling  of  Service  Acquisition  Offices 
A  complete  listing  of  the  briefings  is  provided  as  Appendix  B. 
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li.  BACKGROUND 


A.  Twentieth  Century  Technology  Developments  and  Their  Impact 


The  20th  Century  has  been  the  occasion  for  a  number  of  very  significant 
technology  innovations  that  have  had  dramatic  impacts  on  military  capabilities. 
Figure  1  shows  selected  innovations  together  with  the  approximate  dates  of  first 
demonstrations  and  also  approximately  when  the  first  impact  on  military 
operations  occurred. 


O 


Past  Technology  Developments  Have  Had  a 
Defining  impact  on  Current  Miiitary  Capabilities 


Approximate  Date  of 


lochnology 

First  Demonstration  1 

Kilitarv  Appiica 

Radio 

1901 

1914 

Airplane 

1903 

1916 

Vacuum  Tube 

1906 

1915 

Tank 

1916 

1916 

Llquid-Fueled  Rockets 

1922 

1944 

^Radar 

1925 

1939 

*Gas  Turbine 

1935 

1944 

^Digital  Computer 

1943 

1945 

^Ballistic  MissUe 

1944 

1945 

‘Nuclear  Weapons 

1945 

1945 

Transistor 

1948 

1957 

‘Inertial  Navigation 

1950 

1955 

‘Nuclear  Propulsion 

1950 

1960 

‘Artificial  Earth  Satellites 

1957 

1960 

‘Integrated  Circuit 

1960 

1970 

‘  Laser 

1961 

1967 

‘Precision  Weapons 

1965 

1967 

‘  Al  Expert  System 

1965 

1990 

‘Stealth 

1970 

1990 

*  Modem  Unmanned  Air  Vehicle  (cruise  missiles)  1980 

1990 

‘Funding  by  military  R&D 

, 

Fig.  1:  History  of  Military  Critical  Technology  Developments 


These  innovations  together  with  others  have  produced  very  large  changes  in 
military  capabilities.  Figure  2  indicates  some  of  the  changes  that  have  occurred 
over  the  past  century. 
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Impact  of  Technology  on  Selected 
Military  Capabilities  in  the  20th  Century 

Approximate  Capabilftiet 

— laOQ - lfl25 _ 1950  1975  2000 


Aircraft  Range 

200 

2,000 

4,000 

8,000 

Miies 

Aircraft  Speed 

- 

150 

500 

2,000 

2,000 

Miles/hr 

Aircraft  Payload 

- 

500 

20,000 

80,000 

100,000 

Pounds 

Ballistic  Missile  Range 

1 

10 

200 

6,000 

12,000 

Miles 

Radar  Range 

- 

2 

200 

20,000 

100,000 

Miles 

Radar  Resolution 

- 

- 

1,000 

1 

0.1 

Feet 

Navigation  Precision 

10 

10 

0.1 

0.01 

0.001 

Miies 

Radio  Communication  Range 

- 

500 

3,000 

10,000 

10,000 

Mites 

Radio  Communication  Capacity 

- 

10 

10,000 

10^ 

10* 

Bits/see 

Weapon  Precision 

100 

100 

100 

10 

1  Feet 

OMTMlit>MTF-t7  10 

Fig,  2:  Military  Impact  oflCf^  Century  Technology  Developments 


B.  Structure  and  Funding  of  the  Defense  Science  and  Technoioav  Program 


The  current  DoD  Research,  Development,  Test  and  Evaluation  Program  is 
managed  under  a  number  of  budget  categories  totaling  about  $36  billion  in 
FY98.  The  following  tabulation  indicates  the  names,  budget  categories,  and 
funding  of  each  of  the  categories: 


BUDGET 

CATEGORY 

TITLE 

FUNDING 

s 

6.1 

Basic  Research 

$  1.2  billion 

& 

6.2 

Applied  Research 

$  2.8  billion 

$7.4  B 

T 

6.3 

Advanced  Technology  Development 

$  3.4  billion 

CO 

Demonstration  &  Validation 

$  5.6  billion 

6.5 

Engineering  &  Manufacturing  Development 

$  8.5  billion 

6.6 

RDT&E  Management  Support 

$  3.1  billion 

6.7 

Operational  Systems  Development 

$11.3  billion 

TOTAL 

$35.9  billion 

- 10- 


This  study  is  concerned  only  with  the  top  three  categories  which  total  in  funding 
about  $7.4  billion  in  the  FY98  DoD  budget. 

The  funding  history  of  the  DoD  S&T  program  has  fluctuated  significantly  over  the 
past  quarter  century,  A  plot  of  the  DoD  S&T  funding  in  1997  constant  dollars 
over  this  time  period  is  shown  in  Figure  3. 


.DSB 


DoD  Science  and  Technology 
Funding  History  and  Projections 


Task  Force  Recommendation: 
increase  S&T  to  $8  Billion 


FY97  Constant  Dollars 

31S113-1B 


12 


Fig.  3:  DoD  Science  and  Technology  Funding  History 


Figure  3  indicates  very  large  expenditures  in  the  early  1960s  when  the  Cold  War 
was  of  major  concern.  By  the  1970s  the  6.1  and  6.2  funding  had  dropped  from 
over  $7  billion  to  a  level  of  about  $4  billion.  The  6.3  category  funding  grew 
significantly  during  the  1980s  with  concerns  about  possible  expansion  of  the 
USSR.  After  the  breakup  of  the  USSR,  funding  in  this  category  declined 
significantly  as  well,  again  due  to  declines  in  the  overall  DoD  funding.  Recently, 
the  funding  in  these  two  categories  has  continued  to  decrease  significantly.  The 
President’s  DoD  budget  segment  for  FY99  indicates  a  further  drop  in  the  S&T 
funding  to  about  $7.2  billion. 

C.  Funding  of  Specific  Technical  Areas 

The  basic  research  funding  of  specific  technical  areas  is  shown  in  Figure  4. 
below. 
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o 

DoD  Basic  Research 
(6.1)  by  Discipline  FY96 

Terrestrial 

Information  Sd 

Chem  Bio  Def 

Cognitive  &  Neural 

Total  =  $1 .20  Billion 

Computer  Sci 

Atmosphere  &  Space 
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Fig.  4:  DoD  Basic  Research  Program  Categories 


Note  emphasis  on  science  areas  having  a  major  impact  on  DoD  future  technical 
capabilities.  In  some  areas  such  as  cognitive  science,  the  DoD  is  the  major 
national  funding  source.  In  others  such  as  electronics,  biology,  and  ocean 
sciences,  the  DoD  supports  the  niche  areas  of  these  sciences  which  support 
primarily  military  applications.  The  DoD  clearly  benefits  by  basic  scientific 
programs  funded  by  other  government  agencies  such  as  NSF,  DOE,  and  NASA 
as  well  as  private  science  funding  and  foreign  basic  science  programs. 
However,  the  DoD  6.1  Basic  Science  Program  remains  of  great  significance  to 
future  U.S.  military  capabilities  since  the  emphasis  of  the  6.1  program  tends  to 
be  focused  on  engineering  sciences,  which  are  the  bridge  between  the  pure 
basic  science  discoveries  and  future  military  applications,  which  are  the  focus  of 
the  6.2  and  6.3  programs. 

The  various  technology  areas  funded  under  the  6.2  and  6.3  programs  are  shown 
in  Figure  5  below.  The  emphasis  in  these  programs  is  on  technologies  which 
support  future  DoD  Systems. 
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Applied  &  Advanced 
(6.2-3)  Research  FY97* 


$  in  Millions 

*  Additional  funding  of  approximately  $1.2  Billion  in  unidentified  programs. 


Fig.  5:  DoD  Applied  and  Advanced  Research  Program  Categories 


These  6.2  and  6.3  programs  are  becoming  of  increased  importance  to  the  DoD 
since  many  of  the  industrial  applied  research  programs  have,  in  recent  years, 
been  increasingly  focused  on  short-term  (3-5  year)  market  opportunities  involving 
incremental  technology  improvements.  The  DoD  applied  research  programs 
should  focus  on  longer-term  (10-20  year)  major  revolutionary  changes  in  military 
technology. 
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III.  FINDINGS  AND  OBSERVATIONS 


A.  Determining  DoD  Science  and  Technology  Funding 

The  question  of  the  proper  level  of  DoD  S&T  investment  is  fundamental  to 
maintaining  future  U.S.  military  capabilities.  The  Task  Force  was  asked  to 
determine  whether  there  were  any  formulae  in  either  industry  or  government  that 
could  be  applied  to  answer  the  question  of  setting  the  level  of  investment.  While 
the  Task  Force  identified  a  number  of  indirect  and  subjective  inferential  methods 
used  by  industries  to  set  the  level  of  S&T  investment,  they  found  no  formulas 
used  in  any  of  the  12  major  corporations  surveyed.  Instead  of  an  objective 
formula,  there  was  a  fairly  universal  subjective  approach,  where  the  Chief 
Executive  Officer,  Chief  Financial  Officer,  Chief  Technology  Officer,  and  one  or 
two  others  set  the  corporate  levels  of  research  and  development  investment. 
While  the  “smoke-filled  room”  may  physically  be  a  thing  of  the  past,  the  basic 
approach  of  a  few  leaders  setting  the  corporate  objectives,  financial  goals,  and 
investment  strategy  to  meet  the  goals  appears  to  be  a  common  method. 

From  a  global  perspective,  the  reason  an  organization  invests  in  science  and 
technology  is  to  gain  a  long-term  advantage.  For  Industry,  the  long-term 
advantage  is  economic.  For  the  federal  government,  the  goal  is  to  ensure  the 
nation’s  long-term  economic  prosperity  and  its  national  security.  In  the  case  of 
the  Department  of  Defense,  the  additional  goal  is  to  gain  an  advantage  in  the 
balance  of  military  power  compared  with  potential  adversaries.  Figure  6  shows  a 
model  schematic  diagram  of  the  flow  of  technology  base  into  military  capability 
and  ultimately  combat  outcome.  The  depiction  makes  the  problem  seem  fairly 
simple  and  linear.  There  is  a  flow  from  the  technology  base  through 
demonstration  to  development  and  production  to  military  capability.  This  model 
demonstrates  the  investment  in  the  technology  base  pays-  off  in  long-term 
military  capability  and  balance  of  power.  Unfortunately,  expansion  of  this  fairly 
simple  schematic  model  into  a  mathematical  representation  requires  the 
establishment  of  coefficients  for  multiple  differential  equations  and  their 
subsequent  solution.  The  problem  quickly  becomes  very  complex.  Appendix  3C 
contains  the  basic  mathematical  framework,  but  establishing  the  needed 
coefficients  can  prove  to  be  a  very  difficult  problem. 
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Fig,  6:  Model  schematic  of  the  transition  from  Technology  Base  through  Military  Capability. 


While  an  exact  solution  to  this  problem  would  be  difficult  at  best,  the  model  does 
highlight  some  important  factors.  At  the  conceptual  level,  the  model  infers  the 
technology  base  strongly  influences  the  long-term  military  balance-of-power. 
Thus,  future  United  States  military  superiority  requires  the  availability  of  a 
sufficient  level  of  internal  Department  of  Defense  technology  base  which  can  be 
protected  from  leakage  to  potential  adversary  defense  forces  at  least  over  the 
medium  term  (1 0-20  years). 

Although  the  resultant  U.S.  military  capability  cannot  be  mapped  linearly  from  the 
technology-base  Investment,  the  basic  assumption  is  that  there  is  a  correlation 
between  the  total  S&T  base  Investment  and  the  ultimate  military  capability.  As 
the  S&T  Investment  increases,  military  capability  also  rises  providing  sufficient 
procurement  investments  are  also  made.  But,  as  seen  from  the  model,  the 
technology  base  available  for  future  U.S.  military  capability  is  a  function  of  both 
DoD  investment  in  S&T  and  general  civilian  S&T  investment.  A  key  point  is  that 
the  civil-sector  S&T  investment  by  U.S.  firms  (and  foreign  firms)  is  becoming 
global  —  that  is,  there  is  leakage  from  the  U.S.  civil  sector  to  assist  foreign 
military  capabilities.  Thus,  the  primary  investment  applicable  to  providing  unique 
U.S.  military  future  capabilities  comes  from  the  DoD  S&T  component.  A 
secondary  contribution  is  made  by  the  DoD  S&T  program  through  technology 
transfer  to  the  U.S.  civil  technology  base  and  from  there  back  to  DoD 
procurement  of  military  systems. 
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Figure  7  shows  the  evolution  of  the  DoD  technology  base  (6.1  and  6.2)* 
investment  over  the  past  40  years  together  with  U.S.  civil  and  selected  foreign 
investments.  Shown  in  Figure  8,  the  DoD  technology-base  investment  has 
decreased  as  a  fraction  of  the  total  from  approximately  20%  of  the  non-Soviet 
block  global  investment  to  approximately  5%  of  the  global  investment.  Also 
shown  is  the  decrease  of  DoD  research  relative  to  U.S.  industrial  research. 

While  much  of  the  non-DoD  research  investment  is  not  relevant  to  military 
capability,  health  care  for  instance,  there  is  no  denying  that  DoD  has  lost  much 
of  its  research  dominance  since  World  War  II.  This  implies  that  if  the  U.S.  is  to 
maintain  a  dominant  military  position  in  the  future,  it  must  continue  to  fund  a 
strong  military  research  program  whose  output  level  exceeds  theirs,  and  is 
protected  from  leakage  to  potential  adversaries. 


Fig.  7;  Evolution  of  Global  S(ScT  investments. 


*  Only  6.1  and  6.2  funding  data  is  available  back  to  1955. 


- 16- 


DoD  Technology  Base  Funding  Has 
Decreased  Significantly  as  a  Fraction  of  Total 
Worldwide  and  U.S.  industrial  Research  Funding 


Fig.  8:  Evolution  of  global  S&T  investment  (percentage). 


While  the  argument  made  above  supports  the  concept  that  DoD  research 
funding  is  critical  to  maintaining  a  strong  national  defense,  there  are  still 
questions  concerning  how  much  funding  is  appropriate.  The  Task  Force  decided 
to  look  at  industrial  practices  to  obtain  insight  on  this  question.  . 

The  first  principal  observation  is  that  Industry  does  not  manage  its  research  and 
development  process  in  a  linear  fashion  as  does  the  Department  of  Defense.  By 
linear,  it  is  meant  that  the  flow  of  technical  information  is  initiated  in  a  basic 
research  program  (6.1)  then  flows  to  an  applied  research  program  (6.2)  and 
thence  by  unidirectional  flow  to  6.3,  6.4,  etc.,  finally  resulting  in  a  military 
capability.  Instead,  the  model  used  by  industry  Is  a  dynamic,  non-linear  model 
as  depicted  in  Figure  9. 

As  can  be  seen  from  Figure  9,  there  is  not  a  step-by-step  transition  from  basic 
research  to  advanced  research  to  advanced  concept  development  to 
engineering  and  then  manufacturing. 

Current  industrial  practice  involves  close  interactions  between  research, 
development,  marketing  (requirements)  and  production.  While  there  may  indeed 
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be  some  “linear”  flow  from  research  to  marketing,  an  equally  likely  flow  might  be 
for  marketing  to  influence  new  directions  for  basic  research. 


^  ^  Determining  S&T  and  Development  Funding 
I _ In  Industry _ 

•  industry  Manages  S&T  and  Development  as  a  whole 
*  Science  &  Technology  is  not  managed  as  a  separate  effort  - 
It  is  non-linear  -  with  feedback 


•  Wide  variations  by  industry  type 

•  S&T  plus  development  funding  /  sales  revenues  range  from  0%  to 
20%  depending  upon  the  importance  of  technology  to 
competitiveness 

•  S&T  ranges  from  10%  to  30%  of  total  R&D  $;  20%  is  typical  i9 


Fig,  9:  Industrial  practices  for  managing  and  setting  funding  for  S&T  and  development. 


As  a  result,  the  level  of  funding  for  industrial  research  is  often  set  on  the  basis  of 
potential  market  demand,  and  hence  future  profits  for  the  organization. 

Since  potential  new  markets  vary  with  the  maturity  of  an  industry,  it  would  be 
expected  that  a  wide  variance  would  occur  in  the  percentage  of  sales  revenue 
devoted  to  research  (S&T)  and  development  in  different  industries.  Such  is  the 
observed  situation  which  will  be  discussed  next. 

Figure  10  shows  research  and  development  of  expenditures  for  a  variety  of 
industries.  The  data  was  gathered  by  the  Association  of  Industrial  Research 
Institute.  The  plot  shows  the  percentage  of  sales  devoted  to  total  research  and 
development  for  each  industry  with  the  maximum,  minimum,  and  mean  values 
plotted.  The  percentage  of  revenue  devoted  to  research  and  development 
ranges  from  near  zero  for  coal  and  petroleum  products  to  well  over  15%  for 
pharmaceutical  firms.  The  percentage  of  revenue  devoted  to  research  only 
ranges  from  less  than  0.1%  to  about  3.4%  for  high-technology  industries  such  as 
pharmaceuticals.  For  DoD,  the  FY98  R&D  percentage  is  derived  from  R&D 
funding  of  about  $36B  out  of  a  total  T.O.A.  of  about  $250B.  The  S&T  funding  of 
2.9%  of  T.O.A.  is  derived  from  S&T  funding  of  $7.4  B. 
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Industrial  R&D  Levels  Vary  Widely  by| 
_ Technology  Area _ 


Oil  &  Gas  Extraction 
Food  &  Kindred  Products 
Wood,  Paper  &  Allied  Products 
Industrial  Inorganic  Chemicals 
Rastic  Materials  and  Synthetics 
>  Drugs  &  Pharmaceuticais 
Soap,  Cleaners  &  Toiletries 
Industrial  Organic  Chemicals 
Agricultural  Chemicals 
Misc.  Chemical  Products 
Coal  &  Petroleum  Products 
Fabricated  Polymer  Products 
Primary  Metal  Products 
Industrial  Machinery  &  Equipment 
Electronic  &  Electrical  Equipment 

Instruments  &  Related  Products 
Department  of  Defense 


%  Research  of  total  reveres 


5  10 

Total  R&D  Expenditures/Sales  Revenue  —  % 


20 


Note:  tndustrial  ^^resesrch^  approximates  DoD  SST  Program  MM-a 


Figure  10:  Industrial  sector  investment  in  total  R&D  and  research  as  a  percent  of  total  revenues. 


The  basic  situation  for  industries  who  compete  each  day  for  markets  is  different 
from  the  military  services  who  focus  on  national  security  and  only  very  seldom 
are  tested  in  combat.  However,  it  is  worthwhile  trying  to  identify  which  industry 
group  is  most  similar  to  DoD  and  its  challenges.  The  success  of  most  of  the 
industries  listed  depends  more  on  their  ability  to  compete  on  price  and  marketing 
since  they  often  have  difficulty  establishing  intellectual  property  monopolies  due 
to  lapsed  patents,  circumvention  of  patents,  and  cross-licensing. 

However,  in  the  case  of  pharmaceutical  Industries  and  leading  computer 
technology  industries  the  R&D  funding  as  a  percentage  of  revenue  is 
considerably  higher,  about  15%  (see  Figure  11).  For  these  firms,  patents  do 
provide  absolute  market  protection  for  the  life  of  the  patent  (20  years)  and  hence 
provide  enormous  commercial  advantages.  This  advantage  is  similar  to  that 
achieved  by  a  military  force  which  develops  a  unique  technical  capability  which  is 
protected  over  many  years  by  a  combination  of  secrecy,  restricted  publications, 
closed  technical  exchange  meetings,  export  laws,  and  other  mechanisms. 
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R&D  Funding  by  High-Technology  Firms 
Averages  Over  15% 


(1994  data  from  Science  &  Engineering  Indicators) 
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Fig.  II:  R&D  Funding  of  Leading  U.S.  Technology  Industries 


Using  the  pharmaceutical  industry  as  a  model,  Figure  10  shows  about  14%  of 
revenue  devoted  to  research  and  development.  With  current  DoD  funding  of 
about  $250  billion,  a  total  DoD  research  and  development  funding  level  of  about 
$35  billion  is  indicated  or  close  to  the  current  DoD  level.  The  DoD  S&T  budget 
corresponds  most  closely  to  the  research  component  of  industrial  R&D.  Using 
3.4%  of  revenue  (typical  of  high-tech  industries  shown  in  Figure  11),  the  DoD 
S&T  funding  should  be  about  $8.4  billion,  which  is  a  billion  dollars  greater  than 
the  FY98  S&T  funding. 

Another  approach  to  this  question  Is  to  note  that  the  ratio  of  research  funding  to 
total  R&D  funding  in  high-technology  industries,  such  as  pharmaceuticals,  is 
about  24%  (3.4%^14%).  When  this  percentage  ratio  is  applied  to  the  FY98  R&D 
funding  of  about  $36B,  the  result  is  about  $8.6B,  well  above  the  actual  S&T 
funding. 

These  considerations  lead  to  the  conclusion  that  there  should  be  no  further 
reductions  in  the  level  of  S&T  funding.  In  fact,  there  is  some  basis  for  an 
increased  level  to  at  least  $8B  in  order  to  insure  the  continued  long-term 
technical  superiority  of  U.S.  military  forces  in  the  21®*  century. 
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While  the  pharmaceutical  and  other  high-technology  industrial  models  suggests 
a  level  of  S&T  funding  higher  than  current  DoD  funding,  there  are  other 
important  lessons  from  industry  that  need  discussion.  Perhaps  foremost,  the 
industrial  representatives  that  addressed  the  Task  Force  were  nearly  unanimous 
in  stating  that  maintaining  the  productivity  of  S&T  programs  requires  stability  in 
funding. 

For  the  most  part,  industry  sets  S&T  investment  by  starting  with  the  previous 
year’s  funding  level,  then  adjusting  the  amount  incrementally,  depending  upon 
the  identification  of  new  technical  and  marketing  opportunities  for  the  firm.  This 
suggests  DoD  S&T  funding  should  move  incrementally  up  or  down  from  the 
previous  year’s  funding,  based  on  new  military  challenges  and  on  new  technical 
opportunities.  Industry  sets  this  level  of  investment  by  having  the  industrial 
executives  look  at  factors  such  as  market  opportunity,  level  of  potential  economic 
payoff,  and  ability  to  keep  from  losing  a  major  market  segment  if  the  industry 
does  not  keep  pace  with  a  major  change. 

History  is  full  of  examples  where  firms  lost  their  market  dominance  by  failing  to 
invest  in  change.  For  instance,  steam  locomotive  manufacturers  all  went  out  of 
business  within  one  or  two  decades  of  the  time  that  diesel  locomotives  were 
introduced  by  other  industries  having  expertise  in  electric  drives  and  diesel  prime 
movers.  A  more  recent  example  is  that  of  electronic  cash  registers  which  drove 
mechanical  calculator  industries  out  of  business.  Thus,  DoD  needs  to  ensure  an 
adequate  S&T  investment  to  minimize  the  risk  of  an  adversary  developing  a 
capability  that  puts  the  U.S.  at  a  national  security  disadvantage. 

Another  important  industry  practice  noted  by  the  Task  Force  was  that  of 
allocating  about  1/3  of  the  total  available  research  funding  to  exploratory  or 
potentially  revolutionary  projects.  The  other  2/3  of  the  effort  is  typically  focused 
on  identified  product  needs  in  the  form  of  evolutionary  improvements  in  current 
product  lines. 

Summary  Observations 


The  observations  concerning  the  topic  of  S&T  funding  level  and  its  determination 
can  be  summarized  as  follows: 

•  DoD  S&T  is  vital  to  future  of  U.S.  military  balance  of  power.  Over  the 
past  century,  technical  developments  funded  by  the  military  have  had 
an  enormous  impact  on  military  capabilities  and  have  been  decisive  in 
the  outcome  of  conflicts. 

•  No  formulas  for  establishing  S&T  funding  have  been  discovered  either 
in  government  agencies  or  in  industry.  An  analytic  framework  for 
establishing  R&D  funding  can  be  formulated,  but  the  coefficients  of  the 
equation  terms  are  not  known  at  this  time. 
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•  Industrial  R&D  funding  (including  the  research  or  S&T  component) 
tends  to  be  set  in  meetings  of  the  CEO,  CFO,  CTO,  and  senior  vice 
presidents. 

•  Industrial  decisions  on  S&T  funding  are  influenced  by  potential  return 
on  investment,  competitiveness,  and  strategic  objectives. 

•  Industrial  R&D  is  growing  relative  to  DoD  but  it  is  predominantly  short¬ 
term  in  focus. 

•  Current  DoD  science  &  technology  funding  (about  2.9%  of  total  DoD 
funding)  is  somewhat  less  than  the  practice  of  those  high-technology 
industries  which  are  dependent  on  technology  supremacy  or  patent 
monopolies  for  commercial  success. 

•  Lower  levels  of  DoD  S&T  funding  could  threaten  future  (20  years  and 
beyond)  dominance  of  U.S.  military  forces. 

•  Continuity  of  science  and  technology  funding  level  Is  thought  important 
in  most  industries  (to  prevent  disruption  of  programs  and  research 
teams). 

•  One-third  of  industry  research  is  typically  exploratory  and  focused  on 
revolutionary  technologies  whereas  two-thirds  is  focused  on 
evolutionary  improvements  in  identified  product  needs. 

B.  Management  of  the  DoD  Science  and  Technology  Program 
1.  Organizational  Structure 

To  address  this  question,  the  Task  Force  looked  at  both  current  DoD 
management  and  industrial  models.  Figure  12  is  a  simplified  schematic  of 
the  current  DoD  management  structure,  indicating  separately  the  flow  of 
funding,  policy  and  command.  Not  shown  are  the  separate  Service  (6.1) 
organizations,  ONR,  AFOSR,  and  the  ASO,  which  manage  university 
defense  research  programs.  To  call  the  current  structure  complex  is  an 
understatement.  Compounding  this  complexity  is  the  geographic 
separation  of  the  laboratories  from  the  management  and  each  other.  The 
executing  laboratories  are  displayed  as  ovals  under  the  Central  Service 
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laboratory  management  organizations.  Thus,  even  though  the  Air  Force 
has  recently  restructured  to  a  single  Lab  structure,  the  Air  Force  Research 
Lab,  it  still  maintains  nine  geographically  dispersed  structures. 


Fig,  12:  DoD  Laboratory  Management  Structure. 


Comparing  the  complexity  of  the  DoD  labs  with  a  sample  industrial  laboratory 
management  structure,  shown  in  Figure  13,  it  Is  fairly  easy  to  see  the  contrasting 
simplicity  of  the  civilian  management  structure.  In  the  civilian  research 
management  structure,  it  can  be  seen  that  there  are  far  fewer  layers  of 
management  from  the  Chief  Executive  Officer  to  the  laboratory  workers.  The 
example  used  here  is  Dupont,  although  other  companies  with  major  R&D 
investment  have  similar  structures. 
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Typical  Industrial  R&D  Organization* 


Fig.  13:  Sample  industrial  lab. 


2.  Quality  of  S&T  Management  Personnel 


The  productivity  of  the  DoD  S&T  program  is  greatly  dependent  on  the 
quality  of  the  OSD  and  Service  S&T  management.  In  the  more  distant 
past,  Public  Law  313  allowed  the  recruitment  for  limited  terms  of 
extremely  capable  scientists  and  engineers  from  universities  and  industry. 
As  a  result,  very  significant  innovative  military  capabilities  were  pursued 
under  the  S&T  program.  With  the  cancellation  of  P.L.  313  in  1978,  the 
Department  was  no  longer  able  to  recruit  scientific  and  engineering 
personnel  from  industry  for  non-presidential  appointment  positions. 

3.  Funding  Balance 

There  is  another  significant  change  in  DoD  S&T  management  that  has 
emerged  over  the  past  10  years.  During  this  period,  the  Service  S&T 
budgets  have  eroded  while  the  budget  of  the  Office  of  the  Secretary  of 
Defense  and  Defense  agencies  has  grown,  see  Figure  14. 

A  major  reason  that  Service  S&T  budgets  have  declined  is  because  the 
Services  have  chosen  to  emphasize  current  operations.  The  Defense¬ 
wide  growth  is  a  result  of  the  evolution  of  DARPA’s  programs  as  well  as 
growth  of  other  Defense  programs  such  as  ballistic  missile  defense  and 
chemical/biological  warfare  defense  S&T  programs.  This  shift  in  funding 
to  OSD  and  defense  agencies  raises  issues  of  whether  the  Sen/ices  have 
sufficient  funding  to  properly  address  their  long-term  technology  needs. 
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Defense-Wide  and  Service  Funding  | 
of  Science  and  Technology*  j 


•  Note:  OSD  & 
Agencies  NOT 
“taking”  Service 
S&T  funding; 
instead  the 
Services  are 
cutting  S&T 
funding. 


OSD/PA&E 


Fig.  14:  Distribution  of  S&T  Funding 


4.  Transition  Issues 


One  final  obsen/ation  that  the  Task  Force  made  concerns  the  difficulty  of 
transitioning  OSD  and  DARPA  programs  to  acquisition  programs.  Under 
Title  10,  United  States  Code,  the  military  Services  are  responsible  for 
system  acquisition  and  are  more  likely  to  develop  a  transition  path  from 
their  laboratory  programs  into  acquisition.  Such  an  acquisition  path  does 
not  exist  for  DARPA  and  OSD  S&T  programs.  Consequently,  there  is  an 
increasing  portion  of  the  S&T  budget  that  does  not  have  a  clear  transition 
path  from  research  to  fielding  of  military  systems.  This  trend  means  that  a 
number  of  successful  programs  developed  by  DARPA  may  never  end  up 
transitioning  to  warfighting  systems.  The  Task  Force  suggests  that  the 
DDR&E  be  given  an  expanded  authority  over  6.4  and  6.5  programs  to 
insure  that  the  Services  fund  the  development  of  successful  S&T 
programs  developed  under  both  OSD  and  Service  oversight. 
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Summary  Observations 


The  observations  concerning  the  management  of  defense  S&T  funding  can  be 
summarized  as  follows: 

•  Successful  industries  manage  research  and  development  with  efficient 
organizations  involving  a  minimum  of  levels  of  administration. 

•  DoD  S&T  management  is  highly  complex  involving  many  levels  of 
administration. 

•  OSD’s  portion  (including  DARPA)  has  steadily  increased  to  50%  of  the 
total  S&T  program  raising  questions  about  the  adequacy  of  the  Service 
S&T  programs. 

•  Within  DoD,  DARPA  particularly  enjoys  success  in  research  management 
because  they  can  initiate  new  research  relatively  easily  and  employ 
innovative  research  managers  through  the  use  of  limited-term  personnel 
drawn  from  the  private  sector.  However,  DARPA  often  has  difficulty 
transitioning  successful  programs  because  of  the  lack  of  follow-on 
acquisition  programs  in  the  Services  or  OSD. 


C.  Execution  of  the  DoD  Science  and  Technology  Program 


1.  Industrial  Research  Laboratory  Practices 


The  Task  Force  reviewed  in  some  detail  the  practices  of  the  industrial 
sector  firms  interviewed  with  respect  to  scientific  research  and  technology 
development. 

Their  practices  can  be  summarized  as  follows: 


•  hire  and  nurture  very  high-quality  technical  staff  from  graduates  of 
world-class  research  universities; 

•  compensate  quality  technical  staff  performance  and  terminate  low 
performers; 

•  provide  up-to-date  laboratory  facilities; 

•  provide  adequate  supporting  personnel,  both  technical  and 
administrative; 
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•  consolidate  research  and  development  programs  in  the  same 
physical  location  to  enhance  technology  transfer. 

Each  of  these  topics  is  discussed  in  the  following  sections  in  more  detail: 


a.  Hiring  Technical  Staff  (See  Section  D,  page  32). 

b.  Evaluation  and  Compensation  (See  Section  D,  page  32). 

c.  Laboratory  Facilities 

The  staff  are  provided  with  up-to-date  research  facilities  in  successful 
industrial  laboratories.  Funding  for  this  purpose  is  typically  provided 
directly  to  the  staff  and  their  leaders  thus  enabling  them  to  decide  for 
themselves  what  equipment  will  best  enhance  their  research. 

d.  Supporting  Personnel 

The  technical  staff  of  successful  industrial  research  laboratories  are 
typically  supported  by  both  a  technical  assistant  in  the  form  of  a  technician 
or  software  specialist  and  the  equivalent  of  another  person  in 
administrative  services,  i.e.,  library,  purchasing,  publications,  building 
maintenance,  etc. 

e.  Location  of  Laboratory  Facilities 

In  order  to  enhance  the  transfer  of  technology  from  the  research 
laboratory  to  product  developments,  successful  industries  very  often 
physically  place  their  research  laboratories  adjacent  to  product 
development  organizations.  This  enables  easy  communication  between 
the  two  organizations,  and,  where  desirable,  allows  the  research  workers 
to  take  their  innovations  into  the  development  stage  and  even  production. 
Figure  15  shows  the  physical  integration  of  both  research  and 
development  employed  by  Dupont.  Similar  arrangements  exist  for  many 
other  successful  industrial  organizations  such  as  Pfizer,  3M,  and  Merck. 
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Successful  Technology  Organizations 
Often  Locate  Research  with 
Development  &  Production  Operations 


DuPont  Experimental  Station,  150  acre  R&D  Site,  founded  ca.1903 
•  All  key  activities  collocated 


Dupont  Consolidated  Research  and  Development  Facility 


2.  Current  Execution  of  the  DoD  S&  T  Program 


a.  Performing  Organizations 


Figure  16  indicates  that  currently,  the  DoD  S&T  Program  is  executed  by  a 
variety  of  performers.  The  6.1  Basic  Research  Program  is  primarily 
executed  by  the  universities.  The  6.2  Applied  Research  Program  is 
primarily  executed  by  the  DoD/Service  laboratories  with  lesser  amounts 
going  to  industries.  The  6.3,  Advanced  Technology  Development 
Program  is  primarily  executed  in  industries  with  lesser  amounts  going  to 
university  research  centers  and  FFRDCs. 
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Fig.  16:  Execution  of  the  DoD  Science  &  Technology  Program  is 
Carried  out  by  Different  Classes  of  Organizations 


While  perhaps  only  20%  of  the  S&T  Program  is  executed  by  DoD/Service 
laboratories,  the  management  and  placement  of  the  6.2  and  6.3  programs 
is  handled  by  the  DoD/Service  laboratories,  hence  they  play  an  important 
role  in  the  S&T  program. 

The  Task  Force  discovered  that  there  is  general  satisfaction  with  the 
quality  of  execution  in  both  the  universities  and  in  industry.  However, 
many  prior  studies  have  indicated  significant  concern  about  the  quality  of 
execution  in  many  of  the  Service  laboratories.  The  Task  Force  believes 
that  several  factors  lie  behind  this  problem. 


Physically,  DoD/Service  laboratories  are  dispersed  across  the  continental 
U.S.  in  a  variety  of  locations,  which  are  mostly  the  result  of  World  War  II 
and  even  World  War  I  needs  (see  Figure  1 7). 

in  many  cases,  the  Service  development/product  centers  are  located  in 
still  other  locations  and  are  often  separated  by  hundreds  if  not  thousands 
of  miles  from  the  Service  research  laboratories.  These  physical 
separations  make  the  transfer  of  technology  much  more  difficult  than  in 
the  case  of  successful  industrial  organizations,  which  employ  consolidated 
R&D  facilities. 


Fig.  17:  Major  DoD  Laboratory  Facilities 


b.  Personnel  System 

Because  of  limitations  imposed  by  civil  service  personnel  regulations 
those  it  has  become  increasingly  difficult  to  hire  and  maintain  high-quality 
technical  staff  for  the  Service  laboratories. 

The  Department  has  commissioned  several  dozen  studies  of  this  problem 
extending  over  several  decades.  All  these  studies  have  reached  the 
same  conclusion,  namely  that  there  are  severe  difficulties  in  maintaining 
technical  staff  quality  in  the  Service  laboratories  under  the  current  Civil- 
Sen/ice  system. 

The  following  section  (lll-D)  of  this  report  discusses  the  details  of  this  very 
serious  problem. 

In  addition  to  the  problem  discussed  above,  there  are  also  two  more 
problems  that  inhibit  the  effectiveness  of  DoD/Service  laboratories.  The 
first  deals  with  the  issue  of  research  facilities. 
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d 


Facilities 


Many  of  the  Service  laboratories  were  built  several  decades  ago  in  the 
period  after  World  War  11.  While  many  have  been  rehabilitated  in  recent 
years,  many  remain  unattractive  as  places  of  employment  for  the  more 
capable  technical  graduates  of  leading  universities.  In  addition,  the 
technical  facilities  and  instrumentation  of  many  of  these  laboratories  have 
become  outdated  as  compared  with  industrial  or  university  laboratories. 

e.  Supporting  Personnel 

Another  serious  problem  is  the  lack  of  supporting  technical  personnel. 
During  the  recent  reductions-in-force,  the  tendency  has  been  to  retain  as 
many  research  technical  staff  as  possible.  Thus,  the  burden  of  the 
personnel  reductions  initially  fell  upon  the  support  staff  with  the  result  that 
the  productivity  of  the  remaining  technical  staff  has  been  greatly  impacted. 

Summary  Observations 


•  The  DoD  S&T  Program  is  executed  by  a  variety  of  organizations: 
universities,  university  research  centers  (FFRDCs/non-profits),  military 
Service  laboratories,  other  government  laboratories,  and  industry. 

•  While  the  program  execution  by  private  sector  organizations  is 
generally  satisfactory,  the  performance  of  many  of  the  Service 
laboratories  is  a  matter  of  serious  concern. 

•  Effective  execution  of  the  S&T  program  by  the  Senrice  laboratories  is 
severely  impacted  by  the  constraints  of  the  Civil-Service  regulations  on 
the  professional  staff  of  these  laboratories. 

•  The  Service  laboratories  and  other  executors  of  the  S&T  program  are 
physically  widely  dispersed  and  are  often  separated  from  government 
development  centers  as  well  as  defense  industrial  developers,  thus 
making  technology  transfer  difficult. 

•  In  addition,  the  Service  laboratories’  effectiveness  is  also  significantly 
impacted  in  many  cases  by  outdated  facilities  and  technical  equipment 
as  well  as  by  lack  of  adequate  technical  support  staff. 
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D.  Ability  of  DoD  and  Services  to  Obtain  and  Retain  Scientists  and  Engineers 


The  previous  sections  have  referred  to  the  impact  of  Civil-Service  regulations  on 
the  professional  staff  of  DoD/Service  S&T  management  and  execution 
organizations  (laboratories).  In  this  section  of  the  report,  private-sector  industrial 
laboratory  personnel  practices  will  first  be  examined  followed  by  a  review  of  the 
government  Civil-Service  personnel  practices  and  their  impact  on  the  ability  to 
attract  competent  engineers  and  scientists  to  DoD  laboratories  and  S&T 
management.  Finally,  several  alternative  personnel  systems  will  be  examined. 

1.  Industrial  Scientific/Technical  Personnel  Practices 


The  Task  Force  found  that  most  Industrial  research  and  development 
organizations  employed  similar  personnel  practices  which  could  be 
summarized  as  follows: 

a.  Hiring 

Successful  technical  industrial  firms  use  their  technical  staff  to 
recruit  intensively  at  leading  technical  universities  each  year. 

The  most  promising  students  are  promptly  made  salary  offers 
competitive  with  the  current  market  for  scientific/engineering  staff. 

b.  Evaluation  and  Compensation 


The  performance  of  Industrial  scientific  and  techriical  employees  is 
typically  evaluated  once  per  year.  Feedback  in  the  form  of 
evaluation  ratings,  letters  and  discussions  is  quite  often  provided. 
Often  scientific  personnel  are  ranked  in  order  with  the  best 
performers  at  the  top  and  the  poorest  at  the  bottom. 

Annual  salary  increases  are  awarded  with  the  increases  roughly  in 
proportion  to  the  ranking:  that  is,  those  at  the  top  of  the  ranking 
receive  perhaps  twice  the  average  and  those  at  the  bottom  much 
less  than  the  average. 

c.  Terminations 

Poor  performing  staff  are  advised  of  the  need  for  improvement  if 
they  are  to  have  successful  careers.  Those  that  do  not  respond 
are  then  asked  to  leave. 


-32- 


2. 


Civil  Service  Personnel  Practices 


DoD/Services  technical  personnel  involved  with  the  management  and 
cariying  out  of  the  DoD  S&T  Program  labor  under  the  regulations  of  the 
Civil  Service  Reform  Act  of  1978  (PL  95-454).  This  Act  replaced  prior 
legislation,  including  the  1947  Public  Law  313,  which  permitted  the 
Service  Secretaries: 

•  to  establish  certain  positions  for  important  DoD  R&D  functions, 

•  to  make  such  appointments  without  competitive  examination, 

•  to  pay  market  rates  for  these  positions. 

The  1978  Act  set  up  the  Senior  Executive  Service  (SES)  positions  in  a 
fashion  that  severely  limited  the  ability  of  OSD  and  the  Services  to 
temporarily  hire  very  capable  scientists  and  engineers  from  the  private 
sector  including  both  industries  and  universities. 

This  change  in  the  Civil  Service  legislation  has  had  a  significant  impact  on 
the  S&T  management  structure  of  OSD  and  the  Services. 

An  exception  has  been  DARPA,  which  has  made  extensive  use  of  the 
Interagency  Personnel  Act  of  1971  (IPA),  which  allows  non-profit 
organizations  such  as  universities,  to  temporarily  loan  scientific/ 
engineering  personnel  to  DoD  agencies  and  the  Services.  The  IPA  Act, 
however,  does  not  permit  temporary  loan  of  personnel  from  private  sector 
profit-making  organizations. 

In  spite  of  this  limitation,  DARPA  has  been  able  to  maintain  a  vital  and 
vibrant  S&T  management  environment  using  IPAs  to  staff  over  half  of 
their  technical  organization. 

The  rest  of  the  Department  depends,  for  the  most  part,  on  the  Civil 
Service  Personnel  System  to  staff  its  S&T  management  and  execution 
positions.  This  system  fails  to  adequately  service  Civil-Sen/ice  scientific 
and  engineering  employees  and  the  Department  of  Defense  in  several 
important  ways,  which  can  be  summarized  as  follows: 

•  It  fails  to  allow  salary  offers  to  be  made  at  market  salary  rates  and  in  a 
prompt  fashion. 

•  It  fails  to  permit  evaluation  of  scientific  personnel  properly  and  to 
award  salary  increases  in  proportion  to  employee  contributions. 
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It  fails  to  provide  timely  and  workable  mechanisms  to  terminate 
unsatisfactory  employees. 


Each  of  these  points  are  discussed  in  more  detail  below, 
a.  Hiring 

Figure  18  plots  the  current  salary  levels  of  the  Civil  Service  GS-9,  - 
11,  -14,  and  -15  grades  as  a  function  of  years-of-service  after 
obtaining  MS  or  PhD  degrees  as  compared  with  the  current  private 
sector  average  salary  levels  for  MS  and  PhD  graduates.  Typically, 
Civil  Service  salary  offers  for  MS  graduates  are  made  at  the  GS-9 
or  GS-1 1  levels.  It  can  be  seen  that  the  Civil  Service  offerings  are 
at  least  $10,000  below  the  market.  For  PhD  graduates,  the  GS-1 3 
offer  is  $15,000  below  the  market.  Furthermore,  a  long  competitive 
process  is  typically  employed  before  an  offer  is  made  by  the 
government.  By  that  time  an  offer  from  the  private  sector  has 
usually  been  accepted  by  most  potential  applicants. 


Civil  Service  vs  Industry  Average 
Total  Cash  Compensation 

Government  Pay  Scales  Do  Not  Encourage  New  Hires 
Short  Term  Pay  Gap 


Master’s  Degree 


PhD  Degree 

GS-1S_ 


PhO 

Industry 

Average* 


MS 

Industry 

Average* 


New  MS  Hire  pay 
gap“S10-20K/year 
competitive  later 

2145  •ratio 

Years  after  MS 


New  PhD  Hire  pay 
gap“S15-20K/year 
competitive  later  if 
GS  14.  15  or  SES 
slots  available 

34t»7tt10 

Years  after  PhD 


*  Best  performers  are  typically  paid  50%  more  than  average 


Fig.  18:  US.  Civil  Service  vs.  Industrial  Salary  Levels 
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The  result  is  that  Service  laboratories  can  hire  virtually  no 
advanced  degree  graduates.  Some  BS-degree  recruitment  is 
possible  because  GS-9  salaries  are  competitive  with  the  private 
sector,  but  such  graduates  usually  are  not  as  competitive  as 
advanced  degree  graduates  are  and  are  not  often  sought  by 
private  sector  laboratories  except  for  supporting  positions. 

Further  examination  of  the  GS-14,  GS-15,  and  SES  salary  levels 
indicates  that  even  these  grades  are  not  competitive  with  the 
private  sector  salaries  paid  to  scientists  and  engineers  with 
managerial  responsibilities. 

b.  Evaluation  and  Compensation 

Under  the  traditional  Civil  Service  evaluation  systems,  most 
employees  are  rated  either  excellent  or  good  in  order  to  allow  the 
customary  step  salary  and  inflationary  increases  to  be  given  and  to 
avoid  controversy.  The  result  is  that  the  really  excellent  employees 
are  not  rewarded  sufficiently  while  poor  performing  personnel  are 
usually  rewarded  with  nominal  salary  increases  because  of  the 
complexity  of  Civil-Service  processes  required  to  justify  low  or  zero- 
salary  increases. 

c.  Termination  of  Poor  Performers 

As  a  result  of  the  typical  evaluation  systems  employed,  combined 
with  automatic  salary  increases,  those  employees  who  are  not 
performing  satisfactorily  are  retained.  This  is  especially  the  case 
since  termination  proceedings  are  very  difficult  to  successfully 
undertake  because  of  the  lengthily  bureaucratic  proceedings. 

3.  Impact  of  the  Civil  Service  System 

Figure  19  shows  the  results  of  a  demographic  model  illustrating  the 
impact  of  retaining  poor  performers  in  contrast  to  a  personnel  system  in 
which  good  performers  are  retained  and  the  poor  ones  terminated.  Not 
unexpectedly,  a  steady  accumulation  of  poor  performers  occurs  with  time 
in  an  organization  in  which  it  is  difficult  to  terminate  poor  performers.  In 
addition,  the  number  of  top  performers  tends  to  steadily  decrease 
because  they  become  discouraged  about  the  future  of  the  organization. 
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Turnover  influence  on  Personnel 
Demographics 


Years 


Assumption  of  6.0*^^ 
Turnover  Concentrated 
on  Performers 

(ImJustrial  Case) 


Assumption  of  6.0% 
Turnover  Concentrated 
on  Top  Performers 
(Government  Ciu»c) 


43 


Fig,  19:  Turnover  Policy  Impact  on  Organizational  Demographics 


4.  Impact  of  Downsizing 

Added  to  the  effects  of  the  poor  Civil-Service  personnel  policies  described 
above,  has  been  the  impact  of  downsizing  DoD  laboratories  in  recent 
years.  If  annual  downsizing  equal  to  or  greater  than  normal  retirement  is 
forced  on  a  laboratory,  it  is  not  possible  to  do  any  hiring  at  all.  Even 
worse,  the  reductions  fall  entirely  on  the  youngest  employees  because  of 
seniority  rules.  The  result  is  a  steady  increase  in  the  average  age. 
Ultimately,  the  organization  heads  towards  collapse  when  the  increasingly 
older  employees  retire. 

Figure  20  shows  a  plot  of  the  number  of  employees  and  average  age  with 
time  for  one  of  the  leading  Service  laboratories.  The  recently  forced  rapid 
decrease  in  number  of  employees  has  had  a  dramatic  rapid  increase  in 
average  age,  particularly  in  the  last  year. 
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Fig,  20:  Impact  of  DoD  Personnel  Policies  on  a  DoD  Laboratory 

5.  Possible  Solutions 


The  Task  Force  has  identified  three  possible  solutions  to  these 
problems: 

•  Modification  of  the  current  Civil  Service  System, 

•  Transition  of  the  laboratories  to  govemment-owhed/civilian- 
operated  (GOCO)  status, 

•  Transition  to  mixed  organizations  with  government  leadership 
but  staffed  primarily  with  private-sector  employees  on  a 
rotational  basis. 

Figure  21  shows  the  pros  and  cons  of  these  three  alternatives.  Each  of 
these  options  are  discussed  further  below. 
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There  are  at  least  3  different  options  to  improve  effectiveness  of  DoD  labs: 

-  Keep  current  structure  but  modify  civil  service  personnel  policies  and  other  DoD 
regulations. 

-  Convert  the  DoD  laboratories  into  university  or  contractor>operated  organizations. 

-  Transform  a  major  portion  of  Service-laboratory  personnel  to  non^ivil<Service 
personnel  such  as  IPAs,  university  visiting  facut^,  and  industrial  scientists. 


Maintain  Current 
Structure 


Government  Owned, 
Private-Sector 
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Government  lead, 
Private-Sector  Aided 
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Fig.  21:  Options  for  Improving  the  Quality  of  DoD/Service  Laboratories 


a.  Modified  Civil  Service  System 

In  recent  years,  Congress  has  authorized  experimental 
modifications  to  the  Civil  Service  System.  These  have  been 
implemented  in  some,  but  not  all,  DoD/Service  laboratories.  The 
details  differ  from  case  to  case,  but  generally  encompass  the 
following: 

•  Banding  of  the  GS  grades  to  permit  easier  hiring  of  bachelor- 
degree  graduates, 

•  Onsite  (laboratory)  authorization  to  hire  without  a 
competition  throughout  the  government, 

•  The  use  of  personnel  evaluations  based  on  performance 
including  the  use  of  ranking, 

•  Salary  increases  related  to  performance, 

•  Negligible  relaxation  of  personnel  termination  proceedings. 

These  modifications  are  certainly  an  improvement  over  the 
previous  system.  The  wider  salary  bands  are  helpful,  but  because 
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of  the  cap  on  the  numbers  of  GS-14s  ,  GS-15s,  and  SES  positions, 
the  resulting  hiring  salaries  (GS-13  and  below)  are  still  not 
competitive  with  those  offered  by  industry  at  the  graduate-degree 
level.  Finally,  the  difficulty  in  terminating  poor  performers  remains. 
The  Task  Force  believes  that  these  changes,  while  helpful,  are 
simply  not  sufficient  to  solve  the  problem  of  providing  adequate 
numbers  of  capable  scientists  and  engineers  to  the  DoD  and  the 
Services. 

b.  GOCO  Potion 

Under  this  option,  the  provision  of  OSD/Service  S&T  management 
and  laboratory  personnel  would  be  turned  over  to  private 
organizations,  either  universities  or  industrial.  While  this  option 
would  certainly  solve  the  problem  of  Civil  Service  constraints  on 
salaries,  employee  compensation,  and  termination,  it  would  not 
provide  a  satisfactory  solution  to  the  S&T  high-level  management 
function  since  this  function  should  remain  with  the  government. 

In  addition,  experience  has  indicated  that  serious  political 
difficulties  can  arise  from  a  forced  change  of  laboratory  employees 
from  Civil-Service  status  to  private  employment  because  of  pension 
and  other  benefit  issues. 

c.  Government  Leadership  -  Private  Sector  Staffing 


The  third  option  combines  military/civil  servant  leadership  with 
extensive  (>50%)  use  of  private  sector  scientists  and  engineers 
supplied  on  a  rotational  basis  from  universities  as  IPAs  as  well  as 
from  industry  on  a  contract  basis.  This  option  is  already 
successfully  used  by  DARPA  as  shown  in  Figure  22,  but  it  is  not 
unique  with  DARPA.  It  has  been  used  for  the  operation  of  the 
Kwajalein  Missile  Range,  the  Tullahoma  wind  tunnel  facility,  as  well 
as  a  joint-battle-staff  training  facility  that  ACOM  operates. 
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DARPA  Organization  &  Staffing 

A  Model  for  Service  S&T  Organizations 


Director, 
Deputy  Director. 
Deputy  Director 
for  Manage rnent 


Science  and  Technology 


•  Small,  non-permanent  staff  essential  to  avoid  bureaucratic  tendencies 

•  48  of  90  Program  Managers  are  IP  As  (53%) 

•  Remaining  staff,  temporary  duty  military  assignee’s  and  civil 
service  personnel 

•  Flat  organization 

•  “Semi-privatized”  R&D 
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Fig.  22:  DARPA  Organization  and  Staffing 


5.  Task  Force  Views 

After  considering  the  three  options  described,  the  Task  Force  strongly 

supports  the  third  option. 

Summary  Observations 

•  The  private  sector  is  able  to  hire  very  competent  scientific  and 
engineering  personnel  by  offering  market  salaries,  using  effective 
evaluation  and  compensation  systems  as  well  as  promptly  terminating 
unsatisfactory  employees. 

•  With  the  current  Civil  Service  regulations,  the  DoD  and  the  Sen/ices 
cannot  hire  highly  competent  scientific  and  engineering  staffs  for 
management  and  laboratory  operations.  Further,  it  is  still  very  difficult 
to  terminate  unsatisfactory  employees. 

•  As  a  result,  serious  deterioration  of  the  capabilities  of  DoD/Service 
S&T  operations  has  occurred. 

•  Of  the  three  options  for  solving  this  problem,  the  Task  Force  believes 
that  only  the  last  option  involving  government  leadership  with  private 
sector  staffing  of  most  of  the  professional  positions  is  viable. 
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E.  Hiah-Leveraae  Technology 


The  final  question  asked  of  the  Task  Force  is  fundamental  to  maintaining  military 
superiority.  Even  if  the  Department  of  Defense  was  to  implement  all  the 
personnel  and  organizational  changes  the  Task  Force  recommended  in  the 
earlier  sections  of  the  report,  there  is  still  the  issue  of  balancing  the  S&T  program 
between  short-term  evolutionary  improvements  in  current  systems  and  longer- 
term  investments  in  revolutionary  technology. 

Current  military  strategists  believe  there  is  a  Revolution  in  Military  Affairs 
ongoing,  and  that  the  world  may  be  entering  a  period  of  fundamental  change  in 
the  nature  and  requirements  of  warfare.  As  detailed  in  Joint  Vision  2010,  the 
Department  of  Defense  is  no  longer  preparing  to  fight  a  conventional  ground  war 
on  the  European  continent.  The  concepts  that  emerged  for  future  United  States’ 
military  operations  are: 

•  Information  superiority  -  by  this  is  meant  the  ability  to  know  the  location  and 
intent  of  all  enemy  forces  while  being  able  to  conceal  U.S.  forces  from  enemy 
observation. 

•  Precision  engagement  -  by  this  is  mean  the  ability  of  U.S.  forces  to  deliver 
massive  fires  against  enemy  forces  with  high-precision  any  time  of  day  and  in 
any  weather. 

•  Dominant  maneuver  -  by  this  is  meant  the  ability  of  U.S.  forces  to  rapidly 
deploy  massive  military  forces  from  CONUS  and  overseas  bases  upon  an 
outbreak  of  hostilities.  Dominant  maneuver  also  means  the  ability  to  more 
rapidly  maneuver  those  forces  in  a  theater  than  is  possible  for  an  enemy. 

The  science  and  technology  program  for  the  Department  should  reflect  and 
respond  to  these  concepts  and  should  guide  the  Department’s  investment 
strategy.  In  fact,  the  Task  Force  used  these  concepts  to  recommend  new 
military  capabilities  the  Department  of  Defense  will  need  in  the  21®*  Century  as 
follows: 

•  long-range  sun/eillance  and  identification  of  concealed  targets  under 
foliage,  in  buildings,  and  in  underground  facilities; 

•  stand-off  detection  of  biological,  chemical,  nuclear,  and  high-explosive 
weapons  including  mines; 

•  high-energy  density  fuels/propellants/explosives  for  Increased  mobility; 

•  low-cost,  adverse-weather,  precision  weapons; 
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•  defensive  kinetic-kill  and  directed-energy  systems,  together  with  advanced 
counter-targeting  techniques  to  maximize  the  sun/ivability  of  U.S.  forces. 

In  pursuing  these  new  capabilities,  a  number  of  supporting  revolutionary 
technologies  are  likely  to  be  needed.  The  following  lists  some  of  these 
technologies: 

•  biological/chemical  technologies  for  BW/CW  defense, 

•  quantum  physics  approaches  to  computation  and  cryptography, 

•  MEMS  (micro-electromechanical  systems)  for  robots  and  sensors, 

•  micro-,  mini-,  and  full-sized  robots  for  remote  sensing, 

•  Nano-technology  for  computation  and  sensing  devices, 

•  Intelligent  systems  for  recognition  of  objects, 

•  high-energy  density  fuels,  propellants,  and  explosives. 


Having  described  conceptually  new  capabilities  and  some  suggested  new 
technologies  that  the  Department  should  address,  the  Task  Force  then 
examined  the  current  program.  The  Task  Force  obsen/ed  the  current  science 
and  technology  program  provides  largely  incremental  improvements  in  current 
military  systems.  With  the  current  planning  process,  approximately  50%  of  the 
Department  of  Defense  science  and  technology  program  focuses  on  short-term 
(3-5  year)  objectives,  called  Defense  Technology  Objectives.  The  remaining  50 
percent  of  the  science  and  technology  program  funds  basic  research  and 
supporting  or  enabling  technology.  It  is  out  of  this  50%  that  revolutionary  ideas 
must  be  funded. 

In  the  mid-1990s,  the  Director,  Basic  Research,  established  the  Strategic 
Research  Objectives  as  a  small  set  of  significant  problems  to  focus  the  basic 
research  investment.  The  Task  Force  believes  this  is  a  positive  approach,  and 
should  continue.  However,  its  scope  is  limited  with  the  funding  set  at  about  $80 
million.  The  more  relevant  issue  is:  How  much  of  the  science  and  technology 
program  should  the  Department  invest  in  revolutionary  capability?  Recall  the 
current  technology-base  program  is  about  $4B  and  the  total  science  and 
technology  is  about  $7.5B.  The  funding  for  the  Strategic  Research  Objectives  is 
only  about  2%  of  the  technology  base  and  1%  of  the  DoD  Science  and 
Technology  program. 

Ten  to  twenty  years  ago,  the  DoD  S&T  program  addressed  a  number  of 
revolutionary  projects  such  as  the  development  of  radar  stealth  for  a  variety  of 
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military  weapon  platforms;  the  Global  Positioning  System,  airborne  radar 
detection  of  moving  ground  targets,  laser  weapons,  etc.  The  question  is  what 
revolutionary  developments  are  incorporated  in  the  S&T  program  today? 

Various  industry  research  leaders  indicated  that  typically  about  two-thirds  of  their 
science  and  technology  efforts  support  improvements  in  current  products,  while 
the  remaining  one-third  is  devoted  to  revolutionary  research  aimed  at  completely 
new  product  lines.  The  Task  Force  believes  that  the  Department  should  follow 
this  practice  as  well  and  devote  one-third  of  the  DoD  Science  and  Technology 
Program  to  revolutionary  military  technology  research.  This  would  suggest  that 
at  least  $2.5B  of  the  current  S&T  funding  be  devoted  to  revolutionary  technology. 
While  much  of  this  effort  should  be  focused  in  DARPA,  the  Task  Force  believes 
that  a  portion  of  the  Service  S&T  programs  should  also  be  focused  on 
revolutionary  technology. 

Summary  Observations 


The  observations  concerning  the  topic  of  high-leverage  technology  can  be 

summarized  as  follows: 

•  A  high  percentage  of  the  current  Defense  Science  and  Technology  Program 
is  devoted  to  incremental  improvements  in  current  U.S.  military  systems.  The 
principal  exceptions  are  portions  of  the  OSD  and  DARPA  S&T  programs, 
which  do  focus  on  new  directions  for  defense  systems. 

•  A  significantly  greater  portion  of  the  S&T  programs  should  be  focused  on  new 
technical  directions  which  could  produce  revolutionary  improvements  in  future 
U.S.  military  capability. 

•  Allocating  as  much  as  one-third  of  the  science  and  technology  program  to 
high-payoff  S&T  initiatives  is  needed  to  sustain  long-term  U.S.  military 
supremacy.  Incremental  improvements  alone  are  not  sufficient. 
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VI.  SUGGESTIONS  AND  RECOMMENDATIONS 


1.  Deputy  Secretary  of  Defense  should  not  allow  the  science  and 
technology  program  funding  (6.1,  6.2,  and  6.3)  to  decrease. 
Increasing  the  science  and  technology  funding  to  at  least  $8  billion 
is  indicated  if  the  long-term  technical  superiority  of  U.S.  military 
forces  is  to  be  ensured. 

The  capability  of  U.S.  military  forces  ten  to  twenty  years  in  the  future 
depends  on  maintaining  a  strong  DoD  Science  and  Technology  program 
at  or  above  its  current  level.  Civil,  domestic,  and  foreign  R&D  programs 
tend  to  focus  on  short-term  objectives  and  In  any  case  do  not  address 
many  important  military  technologies  covered  under  DoD’s  Science  and 
Technology  program.  Industrial  experience  indicates  that  the  current  DoD 
S&T  funding  level  should  be  increased  to  about  $8  billion/year  to  maintain 
technical  supremacy  of  future  U.S.  military  forces. 

2.  Under  Secretary  of  Defense  (A&T)  and  the  Services  should 
strengthen  the  management  and  relevance  of  the  S&T  program  by 
taking  the  following  actions: 

(a)  strengthen  DDR&E  by  expanding  his/her  responsibility  to 
cover  at  a  minimum  6.1,  6.2, 6.3, 6.4  and  6.5  programs; 

(b)  integrate  S&T  management  structure  in  each  Service, 
following  the  integrated  Office  of  Naval  Research  structure 
and  using  DARPA-like  organizations; 

(c)  use  DARPA  for  the  majority  of  revolutionary  projects  while 
enhancing  the  coupling  of  DARPA  technologies  to  the 
Services; 

(d)  instruct  the  Services  to  focus  one-third  of  their  S&T 
programs  on  revolutionary  Programs; 

(e)  fill  key  S&T  management  positions  in  the  Services  with 
limited-term  (4-6  year),  high-quality  scientific  personnel 
from  the  private  sector  (universities,  non-profits,  and 
industry).  The  current  3.3%  of  key  non-DARPA  S&T 
positions  filled  from  the  private  sector  should  be 
increased  to  50%  or  more  by  2002  to  match  the  practice  in 
DARPA. 

The  management  and  direction  of  DoD’s  S&T  program  require  greater 
coherence  and  improved  technology  transfer  between  the  6.1,  6.2  and  6.3 
components  as  well  as  the  later  engineering  programs  (6.4,  6.5,  6.6,  etc.). 
This  can  best  be  achieved  by  making  DDR&E  responsibie  for  the  entire 
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suite  of  programs  through  engineering  development  as  was  the  case  in 
the  1960s. 

In  addition,  in  each  of  the  Services,  the  6.1,  6.2  and  6.3  programs  should 
be  managed  as  a  cohesive  whole. 

Finally,  rotation  of  the  S&T  management  scientists  should  be  sought  in 
order  to  bring  new  ideas  to  the  DoD  S&T  program.  A  major  part  of  the 
revolutionary  portion  of  the  S&T  program  should  be  placed  with  DARPA 
because  of  its  proven  research  management  capabilities. 

3.  The  Services  should  staff  their  scientific  and  engineering 
iaboratory/center  positions  by  replacing  over  a  five-year  period  up 
to  50%  of  the  federal  civil-service  staff  with  a  combination  of:  (a) 
limited-term  (4-6  year)  scientific  and  engineering  personnel  (IPAs) 
provided  by  the  private  sector  (from  universities,  non-profits,  and 
industry);  (b)  a  reinstatement  of  the  1947  Public  Law  313  for  high- 
level  S&T  management  positions.  This  latter  action  will  require 
Congressional  action. 

While  the  execution  of  the  DoD  S&T  program  at  universities  and  in  other 
private  sector  organizations  is  generally  satisfactory,  there  is  general 
agreement  that  the  S&T  program  execution  in  Service  laboratories  and 
centers  is  significantly  damaged  by  the  impact  of  civil-service  regulations 
on  the  technical  staff.  The  introduction  of  significant  numbers  of  limited- 
term,  highly  qualified  scientific/technical  personnel  from  the  private  sector 
would  greatly  improve  the  capability  of  the  DoD  laboratories/centers  to 
execute  their  contributions  to  the  DoD/Service  S&T  Program. 

4.  OSD  and  the  Services  should  enhance  the  productivity  of  the  Service 
laboratories  and  centers  by  organizational  and  especially  physical 
consolidation. 

Unlike  many  successful  industrial  research  and  development  efforts,  the 
executors  of  the  Service  S&T  Program  are  often  physically  and 
organizationally  separated  from  Service  development  organizations 
including  defense  industries.  All  available  means,  including  continuing 
requests  for  Congressional  approval  where  required,  should  be  used  to 
enhance  DoD  S&T  productivity  through  organizational  and  physical 
consolidation  of  DoD  S&T  organizations. 

5.  DDR&E  should  insure  that  approximately  1/3  of  the  S&T  program 
elements  are  devoted  to  revolutionary  technology  initiatives.  DARPA 
should  play  a  major  role  in  executing  these  efforts  along  with  the 
Services.  DDR&E  should  also  insure  that  6.4  and  6.5  funds  are 
programmed  by  the  Services  to  implement  successful  revolutionary 
S&T  programs. 
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A  great  deal  of  the  current  DoD  S&T  program  is  devoted  to  worthwhile  but 
incremental  technological  improvements  in  current  military  capabilities. 
However,  revolutionary  technical  improvements  are  the  foundation  for 
future  U.S.  military  superiority  as  they  have  been  in  the  past.  Focusing 
1/3  of  the  DoD  S&T  Program  and  follow-on  6.4  and  6.5  efforts  on  such 
revolutionary  improvements  will  help  insure  continued  U.S.  military 
dominance  over  the  long  term. 
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APPENDIX  A 


ACQUISITION  AND 
TECHNOLOeV 


THE  UNDER  SECRETARY  OF  DEFENSE 
30 1 0  DEFENSE  PENTAGON 
WASHINGTON,  D  C.  20301-3010 


MEMORANDUM  FOR  CHAIRMAN,  DEFENSE  SCIENCE  BOARD 


MAY  0  5  1997 


SUBJECT:  Terms  of  Reference— Defense  Science  Board  Task 

Force  on  the  Defense  Technology  Base  of  the  21*^ 

Century 

U.S.  military  strategy  calls  for  the  use  of  superior 
technology  as  one  critical  enabling  component  of  military 
strategy.  You  are  requested  to  establish  a  Defense  Science  Board 
(DSB)  Task  Force  to  address  the  issues  involved  in  assuring  that 
the  U.S.  has  adequate  technology  base  from  which  to  develop 
sustained  military  superiority  for  the  21*^  century;  such  a  base 
includes  technology  developed  by  DoD,  but  also  access  to 
technology  developed  elsewhere,  as  well  as  an  assured  stream  of 
scientists  and  engineers  that  will  develop  technology  and  build 
military  materiel.  Many  internal  and  external  chzuiges  influence 
DoD's  options. 


You  are  to  recommend  a  strategy  to  assure  an  appropriate 
technology  base,  within  that  strategy,  recommend  a  proper 
formula  for,  or  level-of- investment,  and  the  characteristics  of 
an  investment  program  by  which  DoD  can  complement  that  which  will 
be  done  by  other  federal  agencies,  other  governments,  and 
industry.  Also  recommend  any  desirable  changes  in  the  process 
and  procedures  for  monitoring,  accessing,  and  exploiting  the  most 
effective  technology.  Recommend  any  desirable  chauiges  in  the 
organizations  that  manage  and  perform  the  DoD  technology  base 
prograun. 

In  developing  its  findings  and  recommendations,  the  Task 
Force  should  consider: 

•  erosion  of  DoD  science  and  technology  budget,  as  well  as 
reduction  of  IR&D  in  both  defense  and  commercial 
industry, 

•  change  in  the  balance  of  DoD  reliaoice  on  defense-unique 
and  dual -us e  t echno 1 ogy , 

•  non-DoD  technology  base  investment  in  military-relevant 
technologies , 

•  globalization  of  science, 

•  globalization  of  some  industry, 

•  strategies  and  procedures  to  rapidly  translate  technology 
in  the  laboratory  to  fielded  products. 


•  DoD  science  and  technology  planning  process, 

•  any  changes  in  the  balance  of  sciences  and  technologies 
on  which  DoD  will  rely  in  the  future,  and 

•  assurance  of  a  pipeline  of  scientists  and  engineers  to 
satisfy  research  and  acquisition  needs . 

The  study  will  be  sponsored  by  the  Director  of  Defense 
Research  and  Engineering.  Mr.  Walter  E.  Morrow,  Jr.,  will  serve 
as  the  Chairman  of  the  Task  Force.  Col  A1  Shaffer,  USAF,  will 
serve  as  the  Executive  Secretary,  and  LTC  T.  Van  Horn,  USA,  will 
serve  as  the  DSB  Secretariat  Representative. 

The  Task  Force  will  be  operated  in  accordance  with  the 
provision  of  P.L.  92-463,  the  "Federal  Advisory  Committee  Act,' 
and  DoD  Directive  5105.4,  the  "DoD  Federal  Advisory  Committee 
Management  Program.'  It  is  not  anticipated  that  this  Task  Force 
will  need  to  go  into  any  "particular  matters'  within  the  meaming 
of  Section  208  of  Title  18,  U.S.  Code,  nor  will  it  cause  any 
member  to  be  placed  in  the  position  of  acting  as  a  procurement 
official . 


Paul  G .  Kaminski 


APPENDIX  B 


Briefings 


dsb" 


Meeting  Dates 
DSB  S&T  for  the  21st  Century 


JUNE  23. 1997:  Standards  of  Conduet-Lagai  lasuaa,  OSD  General  Counsel;  Dafansa  Sdanca  and 
Tachnotogy  Program  /  Dafansa  S&T  Planning  Procass,  Mr.  George  Singley;  DARPA  Naw  InMativa  •  Major  Thrusts, 
Or.  Lee  Buchanan,  DARPA;  Joint  Vision  2010, 8G  Dees  (Deputy  J-7) 

JULY  14.  , 1997:  National  and  Intamatlonal  Scianca  Indicators.  Ms.  Jennifer  Bond.  NSF,  DirBctor,  Science  & 

Engineering  Indicators  Program;  National  Instttuta  of  Health,  Dr.  tana  Skirbotl,  NIH,  Director,  Science  Policy;  Dafansa 
Macro-Scale  View,  Mr.  Robert  Soule.  Deputy  Director.  OSD  PAiE;  Dapartmant  of  Energy.  Dr.  James  Decker.  Deputy 
Director  of  Energy  Research;  NASA.  Mr,  Gregory  Reck,  Deputy  Chief  Technologist 

AUG  26. 1997:  Industrial  Rasaarch  Instttuta.  Mr.  Charles  Larson.  Executive  Director:  IBM,  Dr.  Randy  Isaac,  Vice 
President.  Systems  Technology  i  Science;  3M.  Or.  Donald  Janes,  Director.  Government  RAD  Contracts:  Rockwall 
Sdanca  Canter.  Dr.  Joseph  Longo.  Vice  President,  Research;  Dupont  Dr,  Henry  Saffer.  Planning  Manager,  Corporate 
RAD  Planning 

AUG  27. 1997:  Dapartmant  of  Energy,  Laboratory  Effactlvanass  Metrics,  Dr.  David  Goldman.  Senior  Science 
Advisor:  Resource  Allocation  Theory,  Dr.  Rdf  Clark,  Professor  of  Economics  Industrial  College  of  the  Armed  Forces; 
Balt  LabsAucant  Technology,  Mr.  Bob  Laudise.  Ar^unct  Chemical  Director 

SEPT  30. 19B7:  OSD  Comptroller,  View  on  Investment,  Mr.  Ron  Garant,  Director  of  Investment:  Quadrennial 
Defense  Review,  Mr.  Andrew  Hoehn,  Principal  Director  of  Strategy:  NEC  Rasaarch  Institute,  Dr.  Wtttiam  Gear. 
President.  NEC  Research  Institute:  Lab  Management  &  Vision  21,  Dr.  Lance  Davis,  Deputy  DDRAE,  for  Lat)oratory 
Management;  Offlca  of  Naval  Rasaarch,  Rear  Admiral  Paul  Gaffney 
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Meeting  Dates 
DSB  S&T  for  the  21st  Century 


OCT  1. 1997:  Offlca  of  Secretary  of  Air  Force,  Dr.  Helmut  Hellwig,  Deputy  Assistant  Secretary,  Science. 

Technology  A  Engineering;  Office  of  the  Assistant  Secretary  of  the  Army,  Dr.  A  Fenner  Milton,  Deputy  Assistant 
Secretary  for  Research  and  Technology;  Historical  DDR&E,  Dr.  John  Foster,  Consultant.  Dafansa  Sdanca  and 
Technology,  Mr.  George  Singley.  Achng  Director,  Defense  Research  A  Engineering:  Rayfiiaon  Electronic  Systems, 
Mr.  Robert  M.  Stein,  Vice  President  and  Manager,  Advanced  Systems 

OCT  29, 1997:  1996  DSB  Summer  Study,  Tactics  &  Technology  for  tha21**  Century.  Mr.  Don  Latham. 

Lockheed  Martin;  Ground  Maneuver  Nat  Assessment,  Mr.  Mike  Lancaster,  SAIC;  Global  Threat  Briefing,  Lt 
General  Hughes.  Director  DIA;  Army  After  NexL  Colonel  Mike  Starrey.  TRADOC 

OCT  30. 1997:  Precision  Force  Net  Assessment,  Mr.  Jim  Hazelett,  SAIC;  Air  Force  Long  Range  Plans,  Dr. 
Clark  Murdock,  Deputy  Strategic  Plans;  CIA,  Mr.  Russ  Dressell,  Office  of  RAD,  CIA 

NOV_19. 1997:  DARPA  Views,  Mr.  Larry  Lynn,  Director,  DARPA;  A  Business  Practice  View,  Mr.  Paul  Kennedy. 
Councilor  of  Defense,  Science  A  Equipment.  United  Kingdom  MOD:  National  Science  Board  Outbrief.  Professor 
Richard  Zara,  National  Science  Board;  Streamlined  Technology  Transition,  Dr.  James  Carlson,  Director  for  Technical 
Operations.  BMDO 

NQV  _19, 1997:  Boeing,  Dr.  Frederick  Fath,  Vice  President  Technology,  Boeing  Infonnation  Services.  Inc.;  Navy 
Technology  Transition,  CAPT  Manvel,  Program  Manager.  CVX  A  CAPT  Burgess,  Program  Manager,  New  Attack  Sub; 
Air  Force  Technology  Transition.  Lt  Col  Chudc  Fellow,  ASC,  Small  Smart  Bomb  A  Lt  Col  John  Haynes,  PEM,  Airbom 
Laser,  Technology  Insertion  Process.  Colonel  Carl  Hoffman.  Space  A  Missile  Defense  C<mmand,  US  ARMY 


Meeting  Dates 

DSB  S&T  for  the  21st  Century 


DEC  16. 1997:  U%€cK  Inc.  R&D  Management,  Dr.  Linda  Distlerath.  Executive  Director  Public  Policy  aryd  MRC 
PtA)lic  Affairs,Merck,  Inc.:  Technology  Transition,  Colonel  Jay  Johnson,  Acting  Deputy  PEO  for  Ground  Combat  & 
Support  Systems:  Technology  Transition,  Colonel  Christopher  Cardine.  Project  Manager  Abrams:  Navy  Laboratory 
Management  and  Personnel.  Dr.  Timothy  Coffey.  Direaor  of  Research,  NRL 

DEC  17. 1997:  Army  Laboratory  Management  and  Personnel,  Dr.  John  W.  Lyons,  Director,  Army  Research 
Laboratory:  Lockheed  Martin,  Dr.  WlWam  Ballhaus,  Corporate  Vice  President,  Science  and  Engineering.  Lockheed 
Martin:  Anytime.  Anywhere  -  Navy  for  the  Future,  CAPT  Ed  Smith,  CNO  Executive’s  Panel 

JAN  21. 1998:  Recap  of  the  ARES  Meeting.  Dr.  Jasper  Lupo,  Director,  Sensors,  Electronics  S  Batttespace 
Environment;  Information  Centric  Warfare.  VADM  Arthur  K.  Cebrowski.  Director.  Space.  Information  Warfare. 
Command  Control  (N6):  “The  Road  to  2015",  Mr.  John  Peterson,  President,  Arlington  Institute:  Defense  Strategic 
Research  Objectives,  Dr.  Bob  Trew.  Director.  Basic  Research 

JAN  22.  laSS:  UltraScale  Computing,  Mr.  E  D.  Maynard,  Jr..  Program  Manager.  Information  Technology  Office. 
DARPA:  Air  Force  Research  Management  Dr.  Donald  C.  Daniel,  Executive  Director  S  Chief  Scientist.  Air  Force 
Research  Laboratory 


APPENDIX  C 

A  Mathematical  Approach  to  Determining  DoD  Science  and  Technology 
Investments 


INTRODUCTION 

It  is  possible  to  formulate  a  mathematical  approach  to  determine  the  optimum 
fraction  of  total  DoD  funding  that  should  be  applied  to  funding  of  its  science  and 
technology  programs.  As  will  be  seen,  while  it  is  possible  to  structure  a  workable 
formulation,  it  is  very  difficult  at  this  time  to  establish  the  correct  coefficients  to  use 
in  the  formulation.  In  spite  of  that  limitation,  this  formulation  may  be  of  use  at  some 
point  in  the  future  when  these  coefficients  can  be  established,  at  least  in  an 
approximate  form. 

BASIC  FORMULATION 


The  starting  point  for  the  formulation  consists  of  the  two  equations  shown  in  Fig.  C- 
1  below.  The  first  equation  sets  a  bound  on  the  total  DoD  expenditures  in  any  one 
year  which  is  equal  to  the  sum  of  the  funds  for  a  number  of  DoD/Service  functions 
which  support  its  ability  to  project  military  power.  Some  of  these,  such  as  logistic 
support  cover  current  operations.  Others  such  as  the  Technology  Base  and 
Demonstration  programs  impact  capabilities  a  number  of  years  in  the  future.  These 
latter  two  areas  comprise  in  total  the  Science  and  Technology  Program  of  the 
Department,  the  subject  of  this  study. 


^DSB  Finding  an  Optimum  Distribution  of  Defense 
Investments  Including  Technology  Base 


•  Expenditure  constraint  for  current  and  future  years: 
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-  U.S.  military  capability  for  current  and  future  years: 
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Figure  C-1:  Basic  Equations 


The  other  equation,  in  a  very  general  way,  relates  the  various  components  of 
military  capability  to  the  ability  of  the  forces  to  destroy  potential  enemy  forces  in 
terms  of  a  kill  rate.  This  assumes,  of  course,  that  munitions  stocks  are  unlimited.  If 
such  is  not  the  case,  a  reformulation  can  be  used  in  which  the  capability  is  related 
to  the  total  number  of  enemy  elements  that  can  be  destroyed. 

The  second  equation  can  be  quantified  in  terms  of  a  number  of  parameters  as 
shown  in  Fig.  C-2. 
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Figure  C-2:  Expansion  of  Military  Capability  Equation 


DETAILED  EQUATIONS 


Figure  C-2  breaks  the  second  equation  into  two  parts,  the  first  relating  to  the  overall 
capability  at  a  given  year  in  the  future  (N).  The  second  part  develops  a  formulation 
for  the  quality  of  the  force  structure  at  a  year  (N)  in  the  future.  In  this  equation  P  is 
the  number  of  years  required  for  the  engineering  and  production  of  the  equipment 
demonstrated  under  the  Science  and  Technology  Program. 

The  first  equation  in  this  figure  evaluates  military  capability  as  the  product  of  the 
quantity  and  quality  of  the  force  structure,  military  personnel  strength  and  logistics 
support.  The  force-structure  component  is  augmented  by  current  and  past 
procurement  and  is  depreciated  as  equipment  reaches  the  end  of  its  life. 
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INTERGOVERNMENTAL  PERSONNEL  ACT  OF  1970 

For  Ltgislctwe  History  of  Act,  see  p.  $879 

PUBLIC  LAW  91-648;  84  ST  AT.  1909 

tfi.  Ill 

An  Act  to  roli^om  the  fodoral  cyotom  by  ctronathenlng  tho  perconool  re- 
•ourcoo  ^  ^Uto  and  local  oovemmanta.  to  improvo  litccroovcmmentai 
cooporatlon  in  tho  administration  of  grant- ln*ald  programs,  to  provide 

{irsnts  for  Imof^omont  ot  Stats  and  local  porsonnol  admititstratfon, 
o  anthprlzo  Fodoral  assistance  In  training  State  and  local  ompioyoos. 
to  provtdo  granto  to  State  and  local  governments  for  training  of  their 
omployooiu  to  authorlao  Interstate  compacts  for  personnel  and  train¬ 
ing  activities,  to  facilitate  the  temporary  assignment  of  personnel 
betv^n  the  Federal  Government,  and  State  and  local  governments, 
and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  acsemhled,  That: 

This  Act  may  be  cited  as  the  ^Tntersrovemznental  Personnel  Act  of 
1970”, 


MAXIMIZATION  PROCESS 


Figure  C-3  shows  the  process  of  optimization.  After  the  total  cost  constraint  is 
introduced  into  the  capability  equation  for  each  year  over  the  next  few  decades,  a 
set  of  differential  equations  can  be  derived  for  each  year  which  involve  taking  the 
partial  derivatives  with  respect  to  each  class  of  funding  (S&T,  engineering  and 
procurement,  personnel,  logistics,  etc.).  Each  of  these  differentials  is  then  set  equal 
to  zero  to  produce  a  set  of  simultaneous  equations  for  each  year  in  the  future  and 
in  each  year  for  the  separate  classes  of  funding. 


O 


Maximization  of  Long-Term  Military  Capability 
With  an  Expenditure  Constraint 


Substitute  cost  constraint  into  the  military  capability  relations  for  each  future 
year  of  interest  (perhaps  up  to  25  years) 

Take  the  partial  derivatives  of  the  military  capabilities  relations  for  each  year 
with  respect  to  the  expenditure  categories  and  setting  them  equal  to  zero,  i.e. 
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Figure  C-3:  Maximization  Process 


The  equations  are  then  solved  for  the  optimum  distribution  of  funding  for  each  year 
involved.  Since  the  equations  are  likely  to  be  non-linear,  the  standard-matrix 
algebra-solution  approach  will  probably  not  be  applicable.  Instead,  an  iterative 
optimization  is  a  more  appropriate  approach  to  a  solution.  A  useful  starting  point  for 
use  an  iterative  approach  would  be  to  use  the  current  funding  structure. 

ISSUES 

The  most  significant  problem  in  using  this  approach  to  determine  optimum  funding 
of  DoD  programs  is  the  determination  of  the  coefficients  to  be  used  in  the 
equations. 
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TITLE  IV— MOBILITY  OF  FEDERAL,  STATE,  AND 
LOCAL  EMPLOYEES 

DECLARATION  OF  PURPOSE 

Sec.  401.  The  purpose  of  this  title  is  to  provide  for  the  temporary 
assignment  of  personnel  between  the  Federal  Government  and  State 
and  local  governments  and  institutions  of  higher  education. 

AMENDMENTS  TO  TITLE  5.  UNITED  STATES  CODE 

Sec.  402-  (a)  Chapter  33  of  title  5,  United  States  Code,’*  is 

amended  by  inserting  the  following  new  subchapter  at  the  end  there¬ 
of: 


“SUBCHAPTER  VI— ASSIGNMENTS  TO  AND  FROM  STATES 
“§  3371.  Definitions 
“For  the  purpose  of  this  subchapter — 

“(1)  ‘State’  means — 

“(A)  a  State  of  the  United  States,  the  District  of  Colum¬ 
bia,  the  Commonwealth  of  Puerto  Rico,  and  a  territory  or 
possession  of  the  United  States ;  and 

“(B)  an  instrumentality  or  authority  of  a  State  or  States 
as  defined  in  subparagraph  (A)  of  this  paragraph  (I)  and 
a  Federal-State  authority  or  instrumentality;  and 
“(2)  'local  government’  means — 

“(A)  any  political  subdivision,  instrumentality,  or  au¬ 
thority  of  a  State  or  States  as  defined  in  subparagraph  (A) 
of  paragraph  (1) ;  and 

“(B)  any  general  or  special  purpose  agency  of  such  a 
political  subdivision,  instrumentality,  or  authority. 

“§  3372.  General  provisions 

“(a)  On  request  from  or  with  the  concurrence  of  a  State  or  local 
government,  and  with  the  consent  of  the  employee  concerned,  the 
head  of  an  executive  agency  may  arrange  for  the  assignment  of — 

“(1)  an  employee  of  his  agency  to  a  State  or  local  govern¬ 
ment;  and 

39.  5  u  s  e.  A.  li  3371  to  3376. 
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‘*(2)  an  employee  of  a  State  or  local  goveminent  to  his  agen¬ 
cy; 

lor  work  of  mutual  concern  to  his  agency  and  the  State  or  local 
K'overnment  that  he  determines  will  be  beneficial  to  both.  The 
jH  iiod  of  an  assignment  under  this  subchapter  may  not  exceed  two 
voars.  However,  the  head  of  an  executive  agency  may  extend  the 
period  of  assignment  for  not  more  than  two  additional  years. 

’7b)  This  subchapter  is  authority  for  and  applies  to  the  assign- 
mcnl  of — 

“CD  an  employee  of  an  executive  agency  to  an  institution  of 
higher  education :  and 

“(2)  an  employee  of  an  institution  of  higher  education  to  an 
executive  agency. 

“§  3373.  Assignment  of  employees  to  State  and  local  governments 

“(a)  An  employee  of  an  executive  agency  assigned  to  a  State  or 
local  government  under  this  subchapter  is  deemed,  during  the  as¬ 
signment,  to  be  either — 

“(1)  on  detail  to  a  regular  work  assignment  In  his  agency; 
or 

“(2)  on  leave  without  pay  from  hia  position  in  the  agency. 

An  employee  assigned  either  on  detail  or  on  leave  without  pay  re¬ 
mains  an  employee  of  his  agency.  The  Federal  Tort  Claims  Act  and 
any  other  Federal  tort  liability  statute  apply  to  an  employee  so  as¬ 
signed.  The  supervision  of  the  duties  of  an  employee  on  detail  may 
be  governed  by  agreement  between  the  executive  agency  and  the 
State  or  local  government  concerned. 

“(b)  The  assignment  of  an  employee  of  an  executive  agency  either 
on  detail  or  on  leave  without  pay  to  a  State  or  local  government 
under  this  subchapter  may  be  made  with  or  without  reimbursement 
by  the  State  or  local  government  for  the  travel  and  transportation 
expenses  to  or  from  the  place  of  assignment  and  for  the  pay,  or 
.supplemental  pay,  or  a  part  thereof,  of  the  employee  during  assign¬ 
ment.  Any  reimbursements  shall  be  credited  to  the  appropriation 
of  the  executive  agency  used  for  paying  the  travel  and  transporta¬ 
tion  expenses  or  pay. 

“(c)  For  any  employee  so  assigned  and  on  leave  without  pay — 

“(1)  if  the  rate  of  pay  for  his  employment  by  the  State  or 
local  government  is  less  than  the  rate  of  pay  he  would  have 
received  had  he  continued  in  his  regular  assignment  in  the 
agency,  he  is  entitled  to  receive  supplemental  pay  from  the 
agency  in  an  amount  equal  to  the  difference  between  the  State 
or  local  government  rate  and  the  agency  rate ; 

“(2)  he  is  entitled  to  annual  and  sick  leave  to  the  same  extent 
as  if  he  had  continued  in  his  regular  assignment  in  the  agency; 
and 

“(3)  he  is  entitled,  notwithstanding  other  statutes — 

“(A)  to  continuation  of  his  insurance  under  chapter  87 
of  this  title,  and  coverage  under  chapter  89  of  this  title  or 
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other  applicable  authority,  so  long  as  he  pays  currently 
into  the  Employee’s  Life  Insurance  Fund  and  the  Employ¬ 
ee’s  Health  Benefits  Fund  or  other  applicable  health  bene¬ 
fits  system  (through  his  employing  agency)  the  amount  of 
the  employee  contributions; 

*’(B)  to  credit  the  period  of  his  assignment  under  this 
subchapter  toward  periodic  step-increases,  retention,  and 
reave  accrual  purposes,  and.  on  payment  into  the  Civil  Serv¬ 
ice  Retirement  and  Disability  Fund  or  other  applicable  re¬ 
tirement  system  of  the  percentage  of  his  State  or  local 
government  pay,  and  of  his  supplemental  pay,  if  any,  that 
would  have  been  deducted  from  a  like  agency  pay  for  the 
period  of  the  assignment  and  payment  by  the  executive 
agency  into  the  fund  or  system  of  the  amount  that  would 
have  been  payable  by  the  agency  during  the  period  of  the 
assignment  with  respect  to  a  like  agency  pay,  to  treat  his 
service  during  that  period  as  service  of  the  type  performed 
in  the  agency  immediately  before  his  assignment;  and 
“(C)  for  the  purpose  of  subchapter  I  of  chapter  85  of 
this  title,  to  credit  the  service  performed  during  the  period 
of  his  assignment  under  this  subchapter  as  Federal  service, 
and  to  consider  his  SUte  or  local  government  pay  (and  his 
supplemental  pay.  if  any)  as  Federal  wages.  To  the  extent 
that  the  service  could  also  be  the  basis  for  entitlement  to 
unemployment  compensation  under  a  State  law,  the  em¬ 
ployee  may  elect  to  claim  unemployment  compensation  on 
the  basis  of  the  service  under  either  the  State  law  or  sub¬ 
chapter  I  of  chapter  86  of  this  title. 

However,  an  employee  or  his  beneficiary  may  not  receive  benefits 
referred  to  in  subparagraphs  (A)  and  (B)  of  this  paragraph  (3). 
based  on  service  during  an  assignment  under  this  subchapter  for 
which  the  employee  or,  if  he  dies  without  making  such  an  election, 
his  beneficiary  elects  to  receive  benefits,  under  any  State  or  local 
government  retirement  or  insurance  law  or  program,  which  the  Civil  . 

Service  Commission  determines  to  be  similar.  The  executive  agency 
shall  deposit  currently  in  the  Employee’s  Life  Insurance  Fund,  the 
Employee’s  Health  Benefits  Fund  or  other  applicable  health  bene¬ 
fits  system,  respectively,  the  amount  of  the  Government’s  contribu¬ 
tions  on  account  of  service  with  respect  to  which  employee  con¬ 
tributions  are  collected  as  provided  in  subparagraphs  (A)  and  (B) 
of  this  paragraph  (3). 

“(d)  (1)  An  employee  so  assigned  and  on  leave  without  pay  who 
dies  or  suffers  disability  as  a  result  of  personal  injury  sustained 
while  in  the  performance  of  his  duty  during  an  assignment  under 
this  subchapter  shall  be  treated,  for  the  purpose  of  subchapter  I  of 
chapter  81  of  this  title,  as  though  he  were  an  employee  as  defined 
by  section  8101  of  this  title  who  had  sustained  the  injury  in  the 
performance  of  duty.  When  an  employee  (or  his  dependents  in  case 
of  death)  entitled  by  reason  of  injury  or  death  to  benefits  under 
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.subchapter  I  of  chapter  81  of  this  title  is  also  entitled  to  benefits 
from  a  State  or  local  government  for  the  same  injury  or  death,  he 
(or  his  dependents  in  case  of  death)  shall  elect  which  benefits  he 
will  receive.  The  election  shall  be  made  within  one  year  after  the 
injury  or  death,  or  such  further  time  as  the  Secretary  of  Labor  may 
allow  for  reasonable  cause  shown.  When  made,  the  election  is  ir¬ 
revocable  unless  otherwise  provided  by  law. 

“(2)  An  employee  who  elects  to  receive  benefits  from  a  State  or 
local  government  may  not  receive  an  annuity  under  subchapter  HI 
of  chapter  83  of  this  title  and  benefits  from  the  SUtc  or  local  govern¬ 
ment  for  injury  or  disability  to  himself  covering  the  same  period  of 
time.  This  provision  does  not — 

"(A)  bar  the  right  of  a  claimant  to  the  greater  benefit  con¬ 
ferred  by  either  the  State  or  local  government  or  subchapter 
m  of  chapter  83  of  this  title  for  any  part  of  the  same  period  of 
time; 

“(B)  deny  to  an  employee  an  annuity  accruing  to  him  under 
subchapter  III  of  chapter  83  of  this  title  on  account  of  service 
performed  by  him ;  or 

*‘(C)  deny  any  concurrent  benefit  to  him  from  the  Sta^ 
local  government  on  account  of  the  death  of  another  individual. 

“§  3374,  Assignments  of  employees  from  State  or  local  govcminents 
“(a)  An  employee  of  a  SUte  or  local  government  who  is  assigned 
to  an  executive  agency  under  an  arrangement  under  this  subchapter 


‘*(1)  be  appointed  in  the  executive  agency  without  regard  to 
the  provisions  of  this  title  governing  appointment  in  the  com¬ 
petitive  service  for  the  agreed  period  of  the  assignment,  or 
“(2)  be  deemed  on  detail  to  the  executive  agency. 

“(b)  An  employee  given  an  appointment  is  entitled  to  pay  in  ac- 
cordance  with  chapter  51  and  subchapter  III  of  chapter  53  of  this 
title  or  other  applicable  law,  and  is  deemed  an  employee  of  the 
executive  agency  for  all  purposes  except 

"(1)  subchapter  III  of  chapter  83  of  this  title  or  other  appli¬ 
cable  retirement  system: 

“(2)  chapter  87  of  this  title ;  and 

“(3)  chapter  89  of  this  title  or  other  applicable  health  bene¬ 
fits  system  unless  his  appointment  results  in  the  loss  of  cover¬ 
age  in  a  group  health  benefiU  plan  the  premium  of  which  has 
been  paid  in  whole  or  in  part  by  a  State  or  local  government 


contribution. 

“(c)  During  the  period  of  assignment,  a  State  or  local  govern¬ 
ment  employee  on  detail  to  an  executive  agency 

“( 1 )  is  not  entitled  to  pay  from  the  agency  ; 

“(2)  is  deemed  an  employee  of  the  agency  for  the  purpose  of 
chapter  73  of  this  title,  sections  203,  206,  207,  208,  209,  602,  603, 
606  607,  643,  664,  1906,  and  1913  of  title  18,  section  638a  of 
title  31.  and  the  Federal  Tort  Claims  Act  and  any  other  Federal 


tort  liability  statute ;  and 
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“(3)  ia  subject  to  such  regulations  as  the  President  may 
prescribe. 

The  supervision  of  the  duties  of  such  an  employee  may  be  governed 
by  agreement  between  the  executive  agency  and  the  State  or  local 
government  concerned.  A  detail  of  a  State  or  local  government 
employee  to  an  executive  agency  may  be  made  with  or  without  reim¬ 
bursement  by  the  executive  agency  for  the  pay,  or  a  part  thereof, 
of  the  employee  during  the  period  of  assignment. 

“(d)  A  State  or  local  government  employee  who  is  given  an  ap¬ 
pointment  in  an  executive  agency  for  the  period  of  the  assignment 
or  who  is  on  detail  to  an  executive  agency  and  who  suffers  disability 
or  dies  as  a  result  of  personal  injury  sustained  while  in  the  perform¬ 
ance  of  his  duty  during  the  assignment  shall  be  treated,  for  the 
purpose  of  subchapter  1  of  chapter  81  of  this  title,  as  though  he  were 
an  employee  as  defined  by  section  8101  of  this  title  who  had  sustain¬ 
ed  the  injury  in  the  performance  of  duty.  When  an  employee  (or  his 
dependents  in  case  of  death)  entitled  by  reason  of  injury  or  death 
to  benefits  under  subchapter  I  of  chapter  81  of  this  title  is  also 
entitled  to  benefits  from  a  State  or  local  government  for  the  same 
injury  or  death,  he  (or  his  dependents  in  case  of  death)  shall  elect 
which  benefits  he  will  receive.  The  election  shall  be  made  within 
1  year  after  the  injury  or  death,  or  such  further  time  as  the  Secre¬ 
tary  of  Labor  may  allow  for  reasonable  cause  shown.  When  made, 
the  election  is  irrevocable  unless  otherwise  provided  by  law. 

“(e)  If  a  State  or  local  government  fails  to  continue  the  employ¬ 
er's  contribution  to  State  or  local  government  retirement,  life  in¬ 
surance.  and  health  benefit  plans  for  a  SUte  or  local  government 
employee  who  is  given  an  appointment  in  an  executive  agency,  the 
employer's  contributions  covering  the  State  or  local  government  em¬ 
ployee's  period  of  assignment,  or  any  part  thereof,  may  be  made 
from  the  appropriations  of  the  executive  agency  concerned. 

“§  3375.  Travel  expenses 

“(a)  Appropriations  of  an  executive  agency  are  available  to  pay, 
or  reimburse,  a  Federal  or  SUte  or  local  government  employee  in 
accordance  with — 

“(1)  subchapter  I  of  chapter  57  of  this  title,  for  the  expenses 
of— 

“(A)  travel,  including  a  per  diem  allowance,  to  and  from 
the  assignment  location ; 

“(B>  a  per  diem  allowance  at  the  assignment  location 
during  the  period  of  the  assignment ;  and 

“(C)  travel,  including  a  per  diem  allowance,  while  travel¬ 
ing  on  official  business  away  from  his  designated  post  of 
duty  during  the  assignment  when  the  head  of  the  executive 
agency  considers  the  travel  in  the  interest  of  the  United 
States ; 

“(2)  section  5724  of  this  title,  for  the  expenses  of  transporta¬ 
tion  of  his  immediate  family  and  of  his  household  goods  and 
personal  effects  to  and  from  the  assignment  location; 
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•■(3)  section  5724a(a)  (1)  of  this  title,  for  the  expenses  of  per 
diem  allowances  for  the  immediate  family  of  the  employee  to 
and  from  the  assignment  location  ; 

■•(4)  section  5724a(a)  (3)  of  this  title,  for  subsistence  ex¬ 
penses  of  the  employee  and  his  immediate  family  while  occupy¬ 
ing  temporary  quarters  at  the  assignment  location  and  on  re¬ 
turn  to  his  former  post  of  duty ;  and 

"(5)  section  5726(c)  of  this  title,  for  the  expenses  of  non- 
temporary  storage  of  household  goods  and  personal  effects  in 
connection  with  assignment  at  an  isolated  location. 

••(b)  Expenses  specified  in  subsection  (a)  of  this  section,  otter 
than  those^n  paragraph  (1)  (C).  may  not  be  allowed  in  connecUon 
with  the  assignment  of  a  Federal  or  SUte  or  local  government  em¬ 
ployee  under  this  subchapter,  unless  and  until  the  employee  agrees 
in  writing  to  complete  the  entire  period  of  his  assignment  or  one 
vear.  whichever  is  shorter,  unless  separated  or  reassigned  for  rea- 
sons  beyond  his  control  that  arc  accepUble  to  the  executive  agen  y 
concerned.  If  the  employee  violates  the  agreement,  the  money  spent 
bv  the  United  States  for  these  expenses  is  recoverable  from  the  em¬ 
ployee  as  a  debt  due  the  United  SUtes.  The  head  of  the  executive 
agency  concerned  may  waive  in  whole  or  in  part  a  right  of 
under  this  subsection  with  respect  to  a  SUte  or  local  governmen 
employee  on  assignment  with  the  agency. 

“(c)  Appropriations  of  an  executive  agency  are  available  to  pay 
e.xpenses  under  section  5742  of  this  title  with  respect  to  » 
or  SUte  or  local  government  employee  assigned  under  this  sub- 
chapter. 

“§  3376.  Regulations  .  ■  *  a. 

“The  President  may  prescribe  regulations  for  the  administration 

of  this  subchapter.”  ,  o*  *  n  i<i 

(b)  The  analysis  of  chapter  33  of  title  5.  United  SUtes  Code,  is 

amended  by  inserting  the  following  at  the  end  thereof ; 

••SUBCHAPTER  VI— ASSIGNMENTS  TO  AND  FROM  STATES 


■•Sec. 

-3371. 

-3372. 

-3373. 

•3374. 

-3375. 

-3376. 


Definitions. 

General  provisions. 

Assignments  of  employees  to  SUte  or  loul  governmenU 
Assignments  of  employees  from  SUte  or  local  governmenu. 
Travel  expenses. 

Regulations.  ‘ 


REPEAL  OF  SPECIAL  AUTHORITIES 

Sec.  403.  The  Act  of  August  2.  1956,  as  amended  (7  U.S.C.  1881- 
1888)  “  section  563  of  the  Act  of  April  11.  1966  as  amended  ( 
U.?c!  867),<>  and  section  314(f)  of  the  Public  Health  Service  Act 
(42  U.S.C.  246(f))  (less  applicability  to  coraraUsioned  ofneers  o 
Public  Health  Service)  are  hereby  repealed. 


40.  7  U.S.C.A.  I)  1881  to  1888. 

41.  20  G.S.C.A.  1  887. 


42-  42  U.S.C.A-  I  246(f). 
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Public  Law  313  (from  1947) 


Ch  432  LAWS  OF  80TJ 1  CONGRESS-IST  SESSION 

Aug.  1 

Pub.  312 


WAR  AND  NAVY  DEPARTMENTS-PROFESSIONAL 
AND  SCDENTIHC  SERVICE 

See  Congressional  Comment,  P.  1533 

CHAPTER  433-PUBLIC  LAW  313 

[H.  R.  40841 

An  Act  to  authorize  the  creation  o/ additional  positions  in  the  pro¬ 
fessional  and  scientific  service  in  the  War  and  Navy  Departments. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled.  That: 

The  Secretary  of  War  is  authorized  to  establish  and  fix  the  compensation  for,  within  the  War 
Department,  not  more  than  thirty  positions,  and  the  Secretary  of  the  Navy  is  authorized  to 
establish  and  fix  the  compensation  for,  within  the  Naval  Establishment,  not  more  than  fifteen 
positions  in  the  professional  and  scientific  service,  each  such  position  being  established  to 
effectuate  those  research  and  development  functioDs,  relating  to  the  national  defense,  military  and 
naval  medicine,  and  any  and  all  other  activities  of  the  War  Department  or  Naval  Establishment 
which  require  the  services  of  specially  qualified  scientific  or  professional  personnel:  Provided, 
That  the  rates  of  compensation  for  positions  established  pursuant  to  the  provisions  of  this  Act 
shall  Dot  be  less  than  $10,000  per  annuni  nor  more  than  $15,000  per  annum,  and  shall  be  subject 
to  the  appNoval  of  the  Civil  Service  Commission. 

See.  2.  Positions  created  pursuant  to  this  Act  shall  be  included  in  the  classified  civil  service  of 
the  United  States,  but  appointments  to  such  positions  shall  be  made  without  competitive 
examination  upon  approval  of  the  proposed  appointee's  qualifications  by  the  Civil  Service 
Commission  or  such  officers  or  agents  as  it  may  designate  for  this  purpose. 

See.  3.  The  Secretary  of  War  and  the  Secretary  of  the  Navy,  respectively,  shall  submit  to  the 
Congress,  not  later  than  December  3 1  of  each  year,  a  report  setting  forth  the  number  of  Positions 
established  pursuant  to  this  Act  in  their  respective  departments  during  that  calendar  year,  and  the 
name,  rate  of  compensation,  and  description  of  the  qualifications  of  each  incumbent,  together  with 
a  statement  of  the  functions  performed  by  each.  In  any  instance  where  the  Secretary  of  War  or  the 
Secretary  of  the  Navy  may  consider  full  public  report  of  these  items  detrimental  to  the  national 
security,  he  is  authorized  to  omit  such  items  from  his  annual  report  and,  in  lieu  thereof,  to  present 
such  information  in  executive  sessions  of  such  committees  of  the  Senate  and  House  of 
Representatives  as  the  presiding  officers  of  those  bodies  shall  designate. 

Approved  August  1,  1947. 


